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POL¥NUCLBOTIDB ENCODING A POLYPEPTIDE HA \TNC 
HBPARAMASE ACTIVITY AMD EXPRESSION OF SAME IN 
TRANSDUCED CELLS 

The present invention relates to a polynucleotide, referred to hereinbelow 
as hp®? encoding a polypeptide having beparanase activity, vectors including 
same and transduced cells expressing heparanase. The invention further relates 
to a recombinant protein having heparanase activity. 

10 Heparan sulfate pr&tet^fyc&m: Heparan sidlate proteoglycans (HSPG) 

are ubiquitous macromoiecules associated with the cell surface ancJ extra cellular 
matrix (ECM) of a wide range of cells of vertebrate and invertebrate ttssttes (1-4 
The hmm HSPG structure includes a protein core to which several linear heparan 
sulfate chains; are covalently attached, These polysaccharide chains are typically 

is composed of repeating hexiifonte and jD-glucosamine disaecharide iinits that are 
substituted to a varying extent with N~ and O-hnked sulfate moieties and N- 
linked acetyl groups ( 1-4), Studies on the involvement o f ECM molecules in cell 
attachment, growth and ditlerentiation revealed a central role of t ISPG in 
embryonic morphogenesis, angiogenesis, nenrite outgrowth and tissue repair ( L 

20 5 % MS1*G are prominent components of Mood vessels (3). In large Blood vessel s 
they are concentrated mostly in the iniima and inner media, whereas in capillaries 
they are found mainly in the snhendotheliat basement membrane where they 
support proliferating and migrating endothelial cells and stafeiliEe the sfcmctnre of 
the capillary walL The ability of HSPG to interact with ECM maercmolecnfes 

25 snch as collagen, laixnnin and fibronectin, and with different attachment sites on 
plasma membranes suggests a key role for this proteoglycan in the self-assembly 
and insolubility of BCM components, as well as in cell adhesion and locomotion. 
Cleavage of the heparan sulfate (H8> chains may therefore refill in degradation 
of the snhendoihelial ECM and hence may play a decisive role m extravasation of 

30 blood-borne ceils. MS eatabolism is observed in inflammation, wound repair, 
diabetes, and cancer metastasis, suggesting that enzymes which degrade MS play 
important roles in pathologic processes, Heparanase activity has been described 
in activated immune system cells and highly metastatic cancer cells (8~S)> but 
research has been handicapped by the lack of biologic tools to explore potential 

3S causative roies of heparanase in disease conditions, 

Iftv&tvemeni #f Hepamnme in Tum&r Ceil Jnvmwtf md Metastasis: 
Circulating tumor cells arrested in the capillary beds of different organs must 
invade the endothelial cell lining and degrade its nnderlying basement membrane 
(BM) in order to Invade into the extravascular iissue(s) where they establish 



metastasis (9, 10). Metastatic tenor eels often attach at or near the intercelluiar 
jujietions between adjacent endothelial cells. Such attaetoeiit of the nietisfatic 
cells is followed by mpture of the j\met!dBs s retraction of the endothelial cell 
borders and migration through the breach in the endothelium toward the exposed 
underlying BM (9). Owee located between endothelial cells and the BM, the 
invading cells must degrade the subendotheliaJ glycoproteins and proteoglycans 
of the BM in order to migrate out of the vascular cosipartmetst Several eelhilar 
en&ymes (e.g., collagenase IVVpiasmiBOgen activator, cathepsin B ? elastase. etc.) 
are thought to be involved m degradation of BM (10). Among these enzymes is 
an endo-0-D-glBOiiroBidase (heparanase) that cleaves HS at specific intraehahi 
sites (6 y S ? I i) y Expression ofa HS degradhig heparanase was found to correlate 
with the metastatic potential of mouse lymphoma (11), fibrosarcoma and 
melanoma (8) cells. Moreover, elevated levels of tieparanase were detected m 
sera from metastatic tumor bearing animals and melanoma patients (8) and in 
tenor biopsies of cancer patients (12)* 

The control of cell proliferation and tumor progression by the local 
microenvironment, focusing on the interaction of cells with the extracellular 
matrix: (BCMIi produced by cultured corneal and vascular endothelial cells, was 
investigated previously by the present inventors. This cultured ECM closely 
resembles fee subendoihelinm in viva in its morphological appearance and 
molecular composition. It contains collagens (mostly type III and IV, with 
smaller amonnts of types 1 and Y% pfoteoglycans (mostly heparan sulfate- and 
deonntan sulfate- proteoglycans, with smaller amounts of ehondroiiin sulfate 
proteoglycans), laminin, fibre^ectin, entactin and eitstin (13, 14). The ability of 
cells to degrade HS in the cultured ECM was studied by allowing cells to interact 
with a metaboiiealSy sulfate labeled ECM, followed by gel filtration (Sepharose 
6B) analysis of degradation products released into the culture medium (11)* 
While intact HSFG are eiuted next to the void volume of the column (Kav<Q,2 ? 
Mr - ®JxlO^ labeled degradation fragments of HS side chains are eluted more 
toward the V t of the column (Q.5<kav<0,S t Mr -5-7x103) (11% 

The heparana&e inhibitory effect of various non-anticoagu! ant species of 
heparin that might be of potential use sn preventing extravasation of blood-bome 
cells was also investigated by the present inventors, Inhibition of heparanase was 
hest achieved by heparin species containing 16 sugar units or more and having 
sulfate groups at both the N and O positions- While O-desulfeiion abolished the 
hepanmase inhibiting effect of heparin, O-sulfated, N-acetylated heparin retained 
a high inhibitory activity, provided that the N-suhsiitnted molecules had a 
molecular size of about 4,000 daltons or more (?> Treatment of experimental 
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animals with heparanase irdnhitors (e.g., tion-anticoagolajii species of heparin) 
markedly reduced (>90%) the incidence of lung metastases induced by B16 
melanoma, Lewis lung carefeoma and mmmn&ry adenocarcinoma ceils (7, % 16), 
Meparin factions with high and low affinity to afeti-thromfeitt III exhibited a 
5 comparable high anti -metastatic activity, indicating that the hepanmase inhibiting 
activity of heparin, rather than its anticoagulant activity, plays & rale in the anti- 
metastatic properties of the polysaccharide (7% 

Ilepumnme activity m the urim of emteer patients: In m attempt to 
&rther ehicidatc the involvement of heparanase in tumor progression and its 

i 0 relevance to human cancer, nri tie samples for heparan ase activity were screened 
(16a). Heparanase acti vity was detected in the urine of some, hut not all* cancer 
patients. High levels of heparatiase activity were determined in the urine of 
patients with at* aggressive metastatic disease and there was no detectahle activity 
in the urine o f healthy donors. 

15 Heparanase activity was also found in the urine of 20% of normal and 

microaihominiiric insulin dependent diabetes mellitus (1DOM) patients, most 
likely due to diabetic nephropathy, the most important single disorder leading to 
renal failure in adults. 

PmsiMe mv&ivgmmtt of heparanase m turner mngmgenesis: Fibroblast 

20 growth iaetors are a family of structurally related polypeptides characterized by 
high affinity to heparin {17), They are highly rattogenie for vascular endothelial 
cells and are among the most potent inducers of neovaseul&rimtioii (17 > 18)* 
Basic fibroblast growth factor (bFGF) has been extracted from the subendoihelial 
ECM produced in vitro (19) and from basement membranes of the cornea (20} 5 

25 suggesting that ECM may serve as a reservoir for bFGF. IrmBUBohistochemical 
staining revealed the localization of bFGF in basement membranes of diverse 
tissues and blood vessels (21), Despite the ubiquitous presence of bFGF in 
normal tissues, endothelial cell proliferation in these tissues is usually very low, 
suggesting that bFGF is somehow sequestered front its site of action. Studies on 

30 the interaction of bFGF with ECM revealed that bFGF binds to HSPG in the 
EGM and can be released in m active form by MS degrading enzymes (15, 20, 
22). it was demonstrated that heparanase activity expressed by platelets, mast 
cells, neutrophils, and lymphoma cells is involved in release of active hFGF from 
EGM and basement membranes (23), suggesting that heparanase activity may 

35 not only fenetion in cell migration and invasion, but may also elicit an indirect 
neovascutar response. These results suggest that the ECM HSPG provides a 
natural storage depot for bFGF and possibly other heparin-hinding growth 
promoting factors (24, 25). Displacement of bFGF from its storage within 
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basement membranes and ECM may therefore provide a novel mechanism for 
induction of neovasciilarisation in normal and pathological situations. 

Recent studies indicate that heparin and MS are involved in binding of 
bFGF to high affinity cell surface receptors and in bFGF cell signalpg (26 r 2?). 

S Moreover the stee of HS required for optimal effect was similar to that of 
fragments released by heparasiase (28). Similar results were obtained with 
vascular endothelial cells growth factor (VBGF) (29), suggesting die operation of 
a dual receptor mecteiism involving MS in cell interaction with hepatin-binding 
growth feetors* It is therefore proposed that resMetkm of endothelial cell growth 

w factors in ECM prevents their systemic action on the vase^lar endotbelmni, thus 
maintaining a very low rate of endothelial cells turnover and vessel growth. On 
the other band, release of bFGF from storage im BCM as a complex with fiS 
fragment, may elicit localized endothelial cell pmtiferation and 
neovascularization in processes such as wound healing, iriflammation and tumor 

15 development (24, 25). 

ExpresswB &f kep&m&ase &y celts &J the immune system: Heparanase 
activity conrelates with the ability of activated cells of the immune system to 
leave the circulation and elicit both inflammatory and aBtoimrnune responses. 
Interaction of platelets, granulocytes, T and B lymphocytes, macrophages and 

20 mast cells with the snbendothelial ECM is associated with degradation of HS by a 
specific heparanase activity (6), The enzyme is released from intracellular 
compartments (e.g.* lysosomes, specific granules, etc.) in response to various 
activation signals (eg., thrombin, calcium ionophore, immune completes, 
antigens, mitogens, etc.), suggesting its regulated iovolvement in inflammation 

25 m4 cellular immunity. 

S&me of ttm &&mrvmwm regarding the hepmmme mzpme were 
reviewed fin reference 6 md are listed hereinbei&w: 

First, a proteolytic activity (plasminogen activator) and heparanase 
participate synergisiically in sequential degradation of the ECM BSPG by 

30 inflammatory leukocytes and malignant cells. 

Second, a large proportion of the platelet heparanase exists in a latent 
imm t probably as a complex with chondroitin sulfate. The latent enzyme is 
activated by tumor cell-derived factors) and may then facilitate cell invasion 
through the vascul ar endothelium in the process of tumor metastasis . 

35 Third, release of the platelet beparanase from ra-granules is induced by a 

strong stimulant (i.e., thrombin), but not in response to platelet activation on 

mm. 



Fourth, the neutrophil heparanase is preferentially arid : f^diiy'-i%}^33^i-iii: 
response to a threshold aetiv&tiots and upon incnb&tian of the ceils on EQvL 

Kih, contact of neutrophils with ECM inhibited release of noxious 
eit£yrnes (proteases, iyso^me) and oxygen radicals, hut not of enzymes 
5 (heparanase, gektinase) which may enable diapede&is. This protective role of the 
suhendoihehal ECM was observed when the cells were stimulated' with soluMe 
fetors hiit not with phagoeytosahle stimulants* 

Sixth, IntraeelMar heparanase is secreted within mirmtes nEer exposure of 
T ceil lines to specific antigens. 
10 Seventh, mitogens (Con A, UPS) kcfoee synthesis and secretion of 

heparanase by normal T and B lymphocytes maintained in vitro. T lymphocyte 
heparanase is also induced hy immunization with antigen m xiPo, 

Eighth, heparanase activity is expressed by pre-B lymphomas and B- 
lymphomas, font not by plasmacytomas and resting normal B lymphocytes* 
is Ninth, heparanase activity is expressed fey activated macrophages during 

incubation with ECM 5 but there was little or no release of the enzyme into the 
incubation medium. Similar results were obtained with human myeloid leukemia 
cells indnced to differentiate to ntaftne rnaerophages. 

Tenth, T-eeli mediated delayed type hypersensitivity and experimental 
20 autoimmunity are suppressed hy low doses of heparanase inhibiting xmn- 
anticoagulant species of heparin (30). 

Eleventh, heparanase activity expressed by platelets, neutrophils and 
metastatic tenor cells releases active bFGF from ECM and basement 
membranes. Release of bFGF from storage in ECM may elicit a localised 
25 neo vascular response in processes such as wound healing, inflammation and 
tnmor development. 

Twelfth, among the breakdown products of the ECM generated by 
heparanase is a tri-sulfeted disaecharide that can inhibit T«cell mediated 
inflammation in vivo (3 it This inhibition was associated with an inhibitory 
30 effect of *he disaccharide m the production of biologically active TNFa by 
activated T cells in vitro (31), 

Other potential theritpeutic gppticaiiami Apart from its involvement in 
tumor cell metastasis, inflammation and autoimmunity, mammalian heparanase 
may be applied to modulate: bioavailability of heparin^mding growth factors 
3> (15); cellular responses to heparin-bmding growth factors (e.g., bFGF, VBOF) 
and cytokines (IL~S) (31a, 29); cell interaction with plasma lipoproteins (32}; 
celltilar susceptibility to certain viral and some bacterial and protozoa infections 
(33, 33a, 33b); and disintegration of amyloid plaques (34), Heparanase may thus 
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prove useful for conditions such as wound healing, angiogenesis, restenosis, 
atherosclerosis* inflammation, neurodegenerative diseases and viral in%ct|oM, 
Mammalian heparanase can fee tised to neutralize f lasma heparin, as a potential 
replacement of protamine, Anfi-heparanase antibodies may be applied for 
immunodetection arid diagnosis of mierometastases, antoimrnune lesions and 
renal falliireiB biopsy specimens, plasma samples, and body fhiid$> Common use 
m bast o research is expected. 

The identificatiorj of the hpa gene encoding for heparanase enzyme will 
enable the product! on of a recombinant enzyme in heterologous expression 
systems. Availability of the recombinant protein will pave the way for solving 
the protein structure function relationship and will provide a tool for developing 
new inhibitors. 

P¥ml Infeeii&n: The presence of heparan sulfate on cell surfaces have 
been shown to foe the principal requirement for the binding of Herpes Simplex 
■'(33) and Dengue (33a) viruses to cells and for subsequent infection of the cells, 
Removal of the cell surface heparan sulfate by heparanase may therefore abolish 
virus infection. In fact, treatment of cells with bacteria! hepaiitinase f degrading 
heparan sulfate) or heparinase {degrading heparan) reduced the binding of two 
related animal herpes viruses to cells and rendered the cells at least partially <■ 
resistant to vims infection (33), There are some indications that the cell surface 
heparan sulfate is also involved in HIV infection (33b). 

Neurodegenerative diseases; Heparan sulfate proteoglycans were 
identified in the prion protein amyloid plagues of Oenstrnanii-Straussler 
Syndrome, Crentzfeldt- Jakob disease and Scrape (34). Heparanase may 
disintegrate these amyloid plagues which are also thought to play a role in the 
pathogenesis of Akheimer's disease. 

Mestenmis and Aikemscler&sis: Proliferation of arterial smooth muscle 
cells (SMCs) in response to endothelial injiiry and acctimnlatLon of cholesterol 
rich lipoproteins are basic events in the pathopnssts of atherosclerosis and 
restenosis (35). Apart from its involvement in SMC proliferation (i.e., low 
affinity receptors for heparin-fomding growth factors), HS is also involved in 
lipoprotein binding, retention and uptake (36). It was demonstrated that HSPG 
and lipoprotein lipase participate in a novel oataholic pathway that may allow 
substantial cellular and interstitial accumulation of cholesterol rich lipoproteins 
(32). The latter pathway is expected to be highly atherogenic by promoting 
accumulation of apoB and apoE rich lipoproteins (he, LDL, VLOL, 
chylomicrons), ixidependent of foed back inhibition by the cellular sterol content. 
Removal of SMC HS by heparanase is therefore expected to inhibit both SMC 
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pttiliftmm® and lipid accumulation and thus may hah the progression of 
restenosis and atherosclerosis . 

There is thus a widely recognized need for, and it wonM he highly 
advantageous to have a polynucleotide encoding a polypeptide having heparanase 
s activity, vectors including smnt^ transduced cells expressing heparanase and a 
recombinant protehvh&vkig heparanase activity. 

According to the present invention there is provided a polynucleotide, 

10 referred to hereinhelow as kpa, kpa cOMA or kpa gexse, encoding a polypeptide 
having heparanase activity, vectors including same, transduced ceils expressing 
heparanase and a recombinant protein having heparanase activity. 

Cloning of the human: kpa gene which encodes heparanas e, and expression 
of recombinant heparanase by transacted host cells is reported, 

is A purified preparation of beparanase isolated from human hepatoma cells 

was subjected to tiypiic digestion and microsequencing. The YGFDVGQPR 
(SEQ ID NO:S) sequence revealed was used to screen EST databases for 
homology to the corresponding hack translated DMA sequence. Two closely 
related EST sequences were identified and were thereafter found to be identical 

id Both clones contained an insert of 1020 hp which included an open reading feme 
of 973 bp followed by a 2? bp of 3 1 untranslated region and a Poly A tail. 
Translation start site wm not identified. 

Cloning of the missing 5* end ®£ kp® was perforrned by PCR amplification 
of DMA from placenta Marathon RACE cDNA composite using primers selected 

25 according to the EST clones sequence and the linkers of the composite. A 900 hp 
PCR fragment, partially overlapping with the identified 3* encoding EST clones 
was obtained. The joined eDHA fragment (hpa), 1721 hp long (SEQ 113 H0:9)i 
contained an open reading frame which encodes a polypeptide of 543 annno 
acids (SEQ ID NO: 10) with a calculated molecular weight of 6 1, 192 daltons, 

bo Cloning an extended 5* sequence was enahled from the human 3&~hepl 

cell line by PCR amplification using the Marathon R ACE. The 5* extended 
sequence of the SK-hepl kpa eDH A was assembled with the sequence of the hpa 
cDNA isolated from human placenta (SEQ ID NO; 9% The assembled sequence 
contained an open reading feme, SEQ ID NQs: 13 and 1.5, which encodes, as 

35 shown in SEQ ID NOstl-4 and 15, a polypeptide of 592 amino acids with a 
calculated molecular weight of 66^407 daltons. 

The ability of the hpa gene product to catalyze degradation of heparan 
sulfate in m in vitro assay was examined by expressing the entire open reading 



s 

frmm x£ hpa in insect cells, nsing the Baeuiovirus expression system. Extracts 
and cox*ditioned media of cells infected with vires containing the hpa gene, 
demonstrated a high level of heparan sulfate degradation activity both towards 
soluble BCM-derived HSPG and intact ECM. This degradation activity was 

5 inhibited by heparin, which is; another substrate of beparanase. Cells infected 
witli a similar eons tract containing no hpa gene had no such activity, nor did oon- 
inieeted cells. The ability of heparanase expressed from the extended 5' clone 
towards heparin was demonstrated in a mammalian expression system. 

The expression pattern of hpa EN A in various tissues and eel! lines was 

to investigated using RT-PCR. it was found to he expressed only in tissues and 
cells previoiisiy known to have beparanase activity. 

A panel of monochroiriosornal human/CHO and hnmait/monse somatic 
cell hyhrids was used to localise the human beparanase gene to human 
chromosome 4, The newly isolated beparanase sequence can he used to identify 

13 a chromosome region harboring a human heparanase gene in a chromosome 
spread. 

According to further features in preferred embodiments of the invention 
'described foelow^ there is provided a polynucleotide fragment which includes a 
polynucleotide sequence encoding a polypeptide having beparanase catalytic 
20 activity. 

According to still forthet features in the described preferred embodiments 
the polynucleotide fragment includes nucleotides 63-1691 of SEQ ID NQS or 
nucleotides 139-1869 of SEQ ID NO; 13, which encode the entire human 
heparanase enzyme, 

2S According to still forther features in the described preferred embodiments 

there is provided a polynucleotide fragment which includes a polymicleotide 
sequence capable of hybridizing with hpa cDMA, especially with nneleotides 1- 
721 of SEQ ID NO:9. 

According to -still further features in the described preferred embodiments 

30 the polynucleotide sequence which encodes the polypeptide having heparanase 
activity shares at least 60 % homology, preferably at least 70 % homology, more 
preferably at least SO % homology, most preferably at least 90 % homology with 
SEQ ID NOs:9 or 13 > 

Aoeording to still further features in the described preferred embodiments 

35 the polynueko tide fragment according to the present invention incindes a portion 
(fragment) of SEQ ID NOs:9* or IB, For example, such fragments could include 
nucleotides 63-721 of SEQ ID NO:9 and/or a segment of SEQ ID NO:9 which 
eneodes a poiypeptide having the heparanase catalytic activity. 



WO 



According to still -further featees to the described preferred 
the polypeptide encoded by the polynucleotide fragment inel&des an amino acid 
sequence as set forth in SBQ 10 NOs: 1 0 or 14 or a junctional part thereof 

According to still further features in the described preferred embodiments 
5 the polynitcleotide sequence encodes a polypeptide baying heparanase activity ? 
which shares at least 60 % homology, preferably at least 70 % homology, more 
preferably at least 80 % homology, most preferably at least 90 % homology with 
SBQII)NDs:l()0r 14, 

According to stll! &rtber features in the described preferred embodiments 
W the polynucleotide fragment encodes a polypeptide having heparanase activity, 
which may therefore foe allelic, species and/or induced variant of the anrino acid 
sequence set forth in SEQ ID NOs:i0 or 14, it is nnderstood that any such 
variant may also be considered a homology 

According to still farther features m the described preferred embodiments 
is there is provided a single stranded polynnoleotide fragment which includes a 
polynucleotide sequence complementary to at least a portion of a polynHcleotide 
strand encoding a polypeptide having heparanase catalytic activity as described 
above. 

According to still fhrther features in the described preferred embodiments 
20 there is provided a vector including a polynucleotide sequence encoding a 
polypeptide having heparanase catalytic activity. 

The vector may foe of any suitable type including font not limited to a 
phage > virus* plasmtd^ phagemid, eosmid, bactnid or even an artificial 
chromosome. The polynucleotide sequence encoding a polypeptide having 
25 heparanase catalytic activity may include any of the above described 
polynucleotide fragments. 

According to still fhrther features in the described preferred embodiments 
there is provided a host cell which includes an e&ogenons polynucleotide 
fragment including a polynucleotide sequence encoding a polypeptide having 
M heparanase catalytic activity. 

The exogenous polynucleotide fragment may be any of the above 
described fragments. The host eel! may be of any type such as prokaryotie ceil, 
eukaryoiie cell, a cell line, or a cell as a portion of a multicellular organism (£ f g* 
cells of a transgenic organism), 
35 According to still farther features in the described preferred embodiments 

there is provided a recombinant protein including a polypeptide having 
heparanase catalytic activity. 
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According to still further Matures m the described preferred embodiments 
there is provided a pfea^aceutical composiHoiT comprising as an active 
ingredieBt a recombinant protein having heparanase catalytic activity. 

According to still ftirtber featiires in the described preferred embodiments 
5 there is provided a medical equipment comprising a medical device containing, 
as an active ingredient a recombinant protein having heparanase catalytic 
aetivity. 

According to still ftirther features in the described preferred embodiments 
there is provided a heparanase overexpresston system comprising a call 

i 0 overexpre&siitg heparanase catalytic activity; 

According to still fiirtfaer features in the described pretend 
there is provided a method of identifying a chromosome region harboring a 
human heparanase gene in a chromosome spread comprising the steps of (a) 
hybridising the chromosome spread with a tagged palynueleotyde probe 

15 encoding heparanase; (b) washing the chromosome spread, thereby removing 
excess of ncm-hyhridized probe; and (c) searching for signals associated with said 
hybridized tagged polynueleotyde probe, wherein detected signals being 
Indicative of a chromosome region harboring a human heparanase gene. 

The present invention can he used to develop new drugs to inhibit tumor 

20 cell metastasis, inflammation and autoimrcmnity. The identiioation of the kpa 
gene encoding for hepamnase enzyme enables the production of a recombinant 
m^ytm in heterologous expression systems. 

25 The invent! on herein described, by way of example only, with refereBce to 

the accompanying drawings, wherein: 

FIG. 1 presents nucleotide sequence and deduced amino acid sequence of 
kpa eDNA. A single nucleotide difference at position 799 (A to T) between the 
EST (Expressed Sequence Tag) and the PGR amplified eDMA {reverse 

m transcribed RNA) and the resulting amino acid substitution (Tyr to Phe) are 
indicated above and below the substituted unit, respectively, Cysteine residues 
and the poly adenylation consensus sequence are underlined, The asterisk 
denotes the stop eodon TGA. 

FIG. 2 demonstrates degradation of soluble sulfate labeled HSPG substrate 

35 by lysates of High Five cells infected with pPhpaZ virus. Lysates of High Five 
cells that were infected with p£hpa2 virus (*) or control pF2 virus (a) were 
incubated (18 h, 37 <C) with sulfate labeled ECM-derived soluble HSFG (peak 
!), The incubation medium was then subjected to gel filtration on Sepharose 6R 
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Low molecular weight Hg degradation fragments (peak II) were produced only 
during incubation with the pF%M2 infected eells ? but there was no degradation of 
the Ii SP G sub strate ( ❖) by ly sates of p F2 infected calk. 

FIGs. 3a«h demonstrate degradation of soluble sulfate labeled HSP<3 
5 snbstr&te by the enltere tnedimB ofpFhpa2 and pFkpaA infected ceJfe, Culture 
media of High Fi ve cells infected with pF%?&2 (3 a) or pF%?a4 (3to) viruses ( •), or 
with control viruses (o) were incubated (18 h r 3? «C) with sulfate labeled EGM- 
deri ved soltible MSPG (peak J, o). The incubation media were then subjected to 
gel filtration on Sepharose 60, Low molecular weight HS degradation feginents 

M (peak 11} were produced only during incubation with the hpa gene containing 
viruses. There was no degradation of the HSFO substrate by the mitmc medium 
of cells i n feeted with control v trusses, 

FIG. 4 presents size fractionation of heparanase activity expressed by 
pFkp®2 infected cells. Culture medium of pPhpaZ infected High Five cells was 

is applied onto a 50 kDa cot-off mcMbrane. Heparanase activity (conversion of the 
peak 1 substrate, (<-} into peak II HS degradation fragments) was fonnd m the 
high (> 50 kDa) but not low (< 50 kBa) ..(©) molecular weight eompartTOent. 

FIGs. 5a~b demonstrate the effect of heparin on heparanase activity 
expressed by pBhpaZ md pPkp®4 infected High Five cells. Culture media of 

20 pFhpal (5a) and ^Pkpa4 (5b) infeeted High Five cells were incahated (1 8 fa, 37 
with ..sulfate labeled BCM-derived soitible JiSPG (peak i, ❖) in the absence (# 
) or presence (£} of 10 fig/ml heparin. Production of low molecular weight HS 
degradation fragments was completely abolished in the presence of heparin, a 
potent inhibitor of beparanase acti vity f 6^ ?). 

25 FIGs. 6a-b demonstrate degradation of sulfate labeled intact ECM by virus 

infected High Five and Sf2 1 eells. High Five (6a) and SO I (6b) cells were plated 
on sulfate labeled ECM and infected (4.8 h> 28 *C) with pF%?^4 (#) or control 
pFI (o) viruses. Control non-infected SJ3I cells (r) were plated on the labeled 
ECM as well, The pH of the cultured medium was adjttsted to 6,0 ~ 6:2 followed 

30 by 24 b incubation at 37 <>C Sulfate labeled material released into the inenbation 
medinra was analyzed by gel filtration on Sepharose 6B. HS degradation 
fragments were produced *>nly by cells infected with the hpa containing virus. 

FIG. 7a4> demonstrate degradation of sulfate labeled intact ECM by virus 
infected cells. High Five (7a) md Bfll (7b) cells were plated on sulfate labeled 

35 ECM and infected (4S l\ 28 *C) with pF%*a4 (*} or control pFI (□) viruses, 
Cootrornon-iBfected Sf21 cells (r) were plate on labeled ECM as well. The pH 
of the cultured medium was adjti^ted to 6,0 - .6.2* followed by 48 h incubation at 
28 *C, Sulfate labeled degradation fragments released into the incubation 
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-medium; was analyzed by gel titration on Sepharose 6B. HS degradation 
fragments were produced only by cells infected with the hpa qoiitaiiiiixg virus* 

FIGs. 8m-b demopstriate depadatiOB of sulfate labeled intact ECM /by the 
culture raediuOT oipV-hpa* Infected cells. Culture media of High Five Pa) and 

# Sf2 1 (Sb) cells that were infected with pFhpaA (•) or control pFl (d) viruses were 
incubated (48 h, 37 *C ? pH 6,0) with intact sulfate labeled ECM. The ECM was 
also incubated with the culture medium of control non-infected 8121 cells 
StiJfate labeled material released into the reaction mixture was subjected to gel 
filtration analysis. Heparanase activity was detected only in the culture medium 

3 0 of p¥hpa4 infected cells , 

FIGs. 9a-b demonstrate the effect of heparin on heparanase activity in the 
culture medium of p¥hpa4 infected cells, Sulfate labeled ECM was incubated 
(24 h y 37 °C ? pH 6.0) with culture medium oipFhpM infected High Five (9 a) and 
SI21 (9b) celts in the absence (*) or presence (V) of 10 ^g/ml heparin. Sulfate 

is labeled material released into the incubation medium was subjected to gel 
filtration on Sepharose 6fik Heparanase activity (production of peak II HS 
degradation fragments) was completely inhibited in the presence of heparin > 

FiGs, lOa-b demonstrate purification of recombinant heparanase on 
hepariu-Sepharose> Culture medium of BUI cells infected with p$hpa4 virus 

20 was subjected to heparin-Sepharose chromatography. Elution of fractions was 
performed with 035 ~ 2 M NaCl gradient Keparanase activity in the eluted 
fractions is demonstrated in Figure 10a {•). Fractions 15-28 were subjected to 
15% SDS-poiyacryiamide gel electmphoresb followed by siker nitrate staining. 
A correlation is demonstrated between a m^or protein band (MW - 63,000) in 

25 fractions 19 - 24 and heparanase activity. 

FIOs. thvh demonstrate purification of recombinant heparanase on a 
Superdex 75 gel filtration column. Active fractions eluted from heparin- 
Sepharose (Figure 10a) were pooled, concentrated and applied onto Superde^c 75 
FFLC column. Fractions were collected and alicjuots of each fraction were tested 

30 for heparanase activity {C, Figure I la) and analyzed by SDS-polyacryiarrnde gel 
electrophoresis followed by silver nitrate staining (Figure 1 lb). A correlation is 
seen between the appearance of a major protein band (if - 63,000) in fractions 
4 ~ 7 and heparanase activity. 

KIGs. 12a-e demonstrate expression of the hpa gene by RT-PCR with total 

35 EN A from human embryonal tissues (12a), human extra-embtyotial tissues (12b) 
and cell lines from different origins (1 2c-e), RT-PCR products using kpa specific 
primers (I)* primers for <*APJ3H housekeeping geue (II), and control reactions 
without reverse transcriptase demonstrating absence of genomic DNA or other 
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contamination in RNA samples (III). M- ON A molecular weight marker VI 
(Boehringer Mannheim). For 12a: lane 1 - neutrophil ceils (adult), lane 2 - 
muscle, lane 3 - thymus, lane 4 ~ heart, lane 5 - adrenal For 12b: lane 1 - kidney, 
lane 2 - placenta (8 weeks), lane 3 - placenta (li weeks), lanes 4-7 - mole 
5 (complete hydntiditbrm mole), lane 8 - cytotrophoblast cells (freshly isolated), 
lane 9 - cytotrophobbsi cells (1.5 b in wtro), lane 10 - eytotropljobkst cells (6 h 
in vitro), lane 11 - cytotrophoblast cells (18 h in vitro), lane 12 - cytotrophoblast 
cells (48 h in vitro). For 12c: lane 1 - JAR bladder eel! line, lane 2 - NC1TT 
testicular tumor cell line, lane 3 - SW-480 human hepatoma cell tine, lane 4 - 

10 HTR Ceytotrophoblasts transformed by SV40), lane 5 - HFTLP-1 hepatocellular 
carcinoma cell line, lane 6 - EJ-28 bladder carcinoma cell Mm. For I2d: lane 1 - 
SK-hep-1 human hepatoma cell line, lane 2 - DAMI human megafcaryoeytic cell 
line, lane 3 ~ DAMI cell line + FMA, lane 4 - CHRF cell line + PMA, lane 5 - 
CHRF cell line. For I2e: lane t - ABAE bovine aortic endothelial cells, lane 2 - 

15 1063 human ovarian cell line, lane 3 - human breast carcinoma MDA43S cell 
line, lane 4 - human breast carcinoma MDA23 1 cell line. 

FIG. 13 presents a comparison between nucleotide sequences of the 
human hpa and a monse EST cDNA fragment (SEQ ID NO: 12) which is 80 % 
' homologous to the 3* end (starting at nucleotide 1066 of SEQ ID NO:9) of the 

20 human hpa. The aligned termination codons are underlined. 

FIG. 14 demonstrates the chromosomal localization of the hpa gene. FOR 
products of DMA derived from somatic cell hybrids and of genomic ON A of 
hamster, mouse and human of were separated on 0.7 % agarose gel following 
amplication with hpa specific primers. Lane 1 - Lambda DNA digested with 

25 BstEil, lane 2 - no DNA control, lanes 3 - 29, FCR amplification products. 
Lanes 3-5 ~ human* mouse and hamster genomic DNA, respectively. Lanes 6~ 
29, human monochromosomal somatic eel! hybrids representing chromosomes I- 
22 and X and Y, respectively. Lane 30 - Lambda DNA digested with BstBlh An 
amplification product of approximately 2.8 iCb is observed only in lanes 5 and 9, 

30 representing human genomic DNA and DNA derived from cell hybrid carrying 
human chromosome 4, respectively, These results demonstrate that the hpa gene 
is localized in human chromosome 4. 

DESCRIFTIQH-OF THE FREl^lOiED..BMBQIMME]!£EE 
3S The present invention is of a polynucleotide, referred to hereinhelow 

interchangeably as hpa, hpa cDNA or hpa gene, encoding a polypeptide having 
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beparanase activity, vectors tealuding same, transduced cells expressing 
heparaoase and a recombinant protein having heparanase activity. 

Before explaining at least one embodiment of the isveiitioti in detail^ it is 
to be understood that the invention is not limited in its application to the details of 

5 construction and the arrangement of the components set forth m the foliowmg 
description or illustrated in the drawings. The invention is capable of other 
embodiments or of being practiced or carried out in various ways. Also, it is i0 
be understood that the phraseology and terminology employed herein is for the 
purpose of description and shotild not he regarded m limiting. 

io The present invention can be used to develop treatments for various 

diseases, to develop diagnostic assays for these diseases and to provide new tools 
for basic research especially in the fields of medicine and biology . 

Specifically, the present invention can be used to develop new drugs to 
inhibit tnmor cell metastasis, inflammation and autoimmunity. The identiilcation 

15 of the hpa gene encoding for the heparanase enzyme enables the production of a 
recombinant enzyme in heteroiogons expression systems. 

Furthermore, the present invention can be used to modulate bioavailability 
of heparin-binding growth factors, cellular responses to heparin-bmding growth 
factors (e.g.* bFGi 7 , VEGF) and cytokines cell interaction with plasma 

20 lipoproteins, cellular susceptibility to viral, protozoa and some bacteria! 
infections, and disintegration of neurodegenerative plaqnes. Recombinant 
heparanase is thus a potential treatment for wound healing* angiogenesis, 
restenosis* atherosclerosis, inflammation, neurodegenerative diseases (such as, 
for example, Genstm&nn-Stranssier Syndrome, Creutzfeldt-Jakjob disease. Scrape 

25 and Aizheimer^ disease) and certain viral and some bacterial and protozoa 
infections. Recombinant heparanase can be used to neutralize plasma heparin, as 
a potential replacement of protamine. 

As used herein, the term ■"modulate' 1 includes snbstantiany inhibiting, 
slowing or reversing the progression of a disease, substantially ameliorating 

30 clinical symptoms of a disease or condition, or substantially preventing the 
appearance of clinical symptoms of a disease or condition, A "niodniatar" 
therefore includes an agent which may modulate a disease or condition. 
Modulation of viral, protozoa and bacterial infections includes any effect which 
substantially interrupts, prevents or reduces any viral, bacterial or protozoa 

35 activity and/or stage of the virus, bacterium or protozoon lite cycle, or which 
reduces or prevents infection by the virus, bacteri&nt or protozoan in a subject, 
such as a human or lower animal. 



As used iterei^^ the term " wound" includes any injury to any portkm &i the 
body of a subject including, but oot limited to, acute conditions such as thermal 
bums, chemical hums, radiation burns, bums caused by excess exposure to 
ultra^roiet radiation met as sunburn, damage to bodily tissues such as the 
5 perineum as a result of labor and childbirth, including injuries sustained during 
medical procedures such as episiotomies, trauma-induced injuries including cuts, 
those injuries sustained in automobile and other mechanical accidents .-, and those 
caused by bnilets, knives and other weapans^ and pogt-snrgieal injuries, as we!! as 
chronic conditions such m pressure sores, bedsores, conditions related to diabetes 

i o and poor ei reulati on , and all types of mm> etc , 

Anti-beparanase antibodies* raised against the recombinant enzyme, would 
be mm for immuiiodetection and diagnosis of micrometastases, autoimmune 
lesions and renal failure in Biopsy specimens, plasma samples, and body fluids. 
Such antibodies may also serve as neutralizing agents for heparanase activity, 

15 Cloning of the toman hpa gene encoding heparanase axid expressing 

recombinant heparanase by transacted ceils is herein reported. This is the first 
mammalian heparanase gene to be cloned. 

A purified preparation of heparanase isolated fmm human hepatoma cells 
was subjected to tryptic digestion and nnerosequencing. 

20 The YGFDVGQRE (SEQ ID NO: 8) sequence revealed was used to screen 

EST databases for homology to the corresponding back translated DNA 
sequences. Two closely related EST sequences were identified and were 
thereafter found to be identieai 

Both clones contained an insert of 1020 bp which includes an open 

25 reading frame of 973 bp followed by a 3* untranslated region of 27 bp and a Poly 
A tail, whereas a translation start site was not identified. 

Cloning of the missing 5* end was performed by PCR amplification of 
IMA from placenta Marathon RACE eDMA composite using primers selected 
accordi ng to the EST cl ones sequence and the l inkers of the composite. 

M A 900 hp FCR fragment, partially overlapping with the Identified 3 r 

encoding EST clones was obtained. The joined eONA fragment (hpa}» 1721 bp 
long (SBQ ID NO:9), contained an open reading frame which encodes, as shown 
in Figure t and SEQ ID MO: 11, a polypeptide of 543 amino acids (SEQ ID 
NO: 1 0) with a calculated molecular weight of 61,1 92 daltons. 

35 A single nucleotide difference at position 799 (A to T) between the EST 

clones and the PC& amplified cE>NA was observed. This difference results in a 
single amino acid substitution (Tyr to Phe) (Figure 1% Furthermore, the 
published EST sequences contained an unidentified nucleotide, which following 



DMA sequencing of both the EST clones was resolved mm two nucleotides (G 
and € at positions J 630 and 1631 -in SEQ ID NO;9, respeetivety}> 

The ability of the hpa gene product to catalyze degradation of heparan 
sulfate irt: an *>? vi/ro assay was examined by expressing the entire open reading 

5 frame in insect cells, using the Baeiiloviras expression system. 

Extracts and conditioned media of cells inik^ed with virus edttUiimng the 
hpa gene, demonstrated a high level of heparan sulfate degradation acti vity both 
towards solxifele ECM-derived HSPG and intact ECM, which was inhibited by 
heparin, while cells infected with a similar eonstraet eontaimng no Mpa gene had 

10 no such activity s nor did non-in feeted cells. 

The expression pattern of hpa RNA in various tissues and ceH lines was 
investigated using RT-PCR, It was found to he expressed only in tissues and 
cells previously known to have heparaoase activity. 

Cloning an extended 5* sequence was enabled from the human SK-hepl 

IS cell line by FCR amplification using the Marathon RACE. The 5 l extended 
sequence of the SK-hepl hpa cDHA was assembled with the sequence of the hpa 
cDNA isolated from human placenta (SEQ ££> NO:9). The assembled sequence 
contained an open reading frame, SEQ ID KIOs: 13 and 15, which encodes, as 
shown in SEQ ID NOs:14 and 1S > a polypeptide of 592 amino acids, with a 

20 calculated rnolecular weight of 66,407 daltons> This open reading frame was 
shown to direct the expression of oataiitieally active heparanase in a mammalian 
cell expression system. The expressed heparanase was detectable by anti 
heparanase antibodies in Western blot analysis, 

A panel of monochromosomal human/CtiO and hnmait/rnouse somatic 

25 cell hybrids was used to localise the human heparaiiase gene to humaB 
chromosome 4, The newly isolated heparanase sequence can therefore be used to 
identify a chromosome region harboring a human heparanase gene in a 
chromosome spread. 

Thus ? according, to the present invention there is provided a polynucleotide 

30 fragment (either DMA or RHA, either single stranded or double stranded) which 
includes a polynucleotide sequence encoding a polypeptide having heparanase 
catalytic activity , 

The term "heparanase catalytic activity n or its equivalent term ^heparanase 
activity 1 ' both refer to a mammalian endoglyeosldase hydrolyzing activity which 
%$ is specific for heparan or heparan sulfate proteoglycan substrates, as opposed to 
the acti vity of bacterial enzymes (heparinase L II and III) which degrade heparin 
or heparan sulfate by means of p -elimination (37). 
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In a preferred ^ph<>4inl[03iti of the iBverrtion the polynucleotide fragment 
includes oueleotides 63-1691 of SEQ ID N0;9, or micleotides 139-1869 of SEQ 
Ii> NO:13^ which encode the entire human heparanase enzyme, 

However, the scope of the present invention is not limited to human 

$■ heparanase since this is the first disclosure of an open reading frame (ORF) 
eocodmg any mammalian heparaease> Using the hpa cpNA, parts thereof or 
synthetic oligomtideotides designed according to its sequence will enable one 
ordinarily skilled m the art to identify genomic and^or cf>NA clones including 
homologous sequences from other mammalian species. 

10 The present invention is therefore former directed at a polyniucleotide 

fragment which includes a polynucleotide sequence capable of hybridizing (base 
pairing under either stringent or permissive hybridization conditions, as lor 
example described in Sambroolc, 3, ? Fritseh, E..R> Mahiatis, 1\ (1989) Moleeniar 
Cloning, A Laboratory Maiiiiai. Cold Spring Harbor Laboratory Fress, T^ew 

15 York with hpa cDNA, especially with nucleotides 1-72 ! of SBQ If) N0:9v 

In feet, any polynucleotide sequence which encodes a polypeptide having 
Jteparanase activity and which shares at least 60 % homology, preferably at least 
70 % homology, more preferably at least SO % homology, most preferably at 
least 90 % homology with SEQ IB NGs:9 or 13 is within the scope of the present 

20 mventionL 

The polynucleotide fragment according to the present- invention may 
include any part of SEQ ID NOs: 9 or 13. For example, it may include 
nucleotides 63-721 of SEQ IE) NO: 9, which is a novel sequence. However, it 
may include any segment of SEQ ID NOs:9 or 13 which encodes a polypeptide 

25 having the hep&ranase cataly tic acti vif y ; 

When the phrase "encodes a polypeptide having heparanase catalytic 
activity'* is used herein and in the claims section below it refers to the ability of 
directing the synthesis of a polypeptide which, if so respired for its activity, 
following post translation al modifications* such as but not limited to, proteolysis 

30 removal of a signal peptide and of a pro- or preprotein sequence)^ 

methionine modification, glyeosylaiion, alkylation (e.g., methytation), 
acetylation, ete^ m eatalytically active in degradation of for example, ECM and 
cell surface associated HS. 

In a preferred embodiment of the invention the polypeptide encoded by the 

35 polynucleotide fragment includes an amino acid sequence as set forth in SEQ ID 
NOs: 10 or 14 or a functional part thereof; i.e., a portion harboring heparanase 
catalytic activity. 



is 

However* any polynucleotide fragsneBt which encodes a polypeptide 
having heparanase activity is within the scope of the present iftveBiioti, 
T1i0refbre v tb€ polypeptide may foe allelic species and/or ioducecJ variant of the 
amino acid sequence set forth in SEQ ID NOs:10 or 14 or functional part thereof 
.5 In Fact, any polynucleotide secpenee which encodes a polypeptide having 

h^paraaase activity ; which shares at least 60 % homology, preferably at least 70 
% homology, more preferably at least 80 % homology, most preferably at least 
90 % homology with SEQ ID NOsT Q or 14 is within the scope of the present 
ttivenliots, 

ift The invention is also directed at providing a single stranded 

polynucleotide fragment which inchides a polynucleotide sequence 
coroplementary to at least a portion of a polynucleotide strand encoding a 
polypeptide having beparanase catalytic activity as described above. The term 
^complementary*' as used herein refers to the ability of base pairing. 

is The single stranded polynucleotide fragment may be DN A or EN A or 

even include nucleotide analogs (e>g. ? thioated nucleotides),, it may be a synthetic 
oligonucleotide or manufactured by tansdueed host cells,, it may he of any 
desired length which still provides specific base pairing (e.g., S or I0 y preferably 
more, nncleotides long) and it may include mismatches thai do not hamper base 

20 pairing. 

The invention is further directed at providing a vector which includes a 
polynucleotide sequence encoding a polypeptide having heparanase catalytic 
activity. 

The sector may be of any type, ft may be a phage which infects bacteria 
25 or a virus which infects eukaryotic cells. It may also be a plasmid, phageinid, 
cosmid, bacmid or an artificial chromosome. The polynucleotide sequence 
encoding a polypeptide having heparanase catalytic activity may include any of 
the above described polynucleotide fragments. 

The invention is further directed at providing a host cell which includes an 
30 exogenous polynucleotide fragment encoding a polypeptide having hep&ranase 
catalytic activity. 

The exogenous polynucleotide fragment may be any of the above 
described fragments. The host cell may he of any type. It may be a profcaryotie 
cell, an enkaryotic cell, a cell line, or a cell as a portion of an organism. The 
35 exogenous polynucleotide fragment may be permanently or transiently present in 
the cell In other words*, transduced eells obtained following stable or transient 
transfection, transforrnatton or transduction are all within the scope of the present 
invention. The term ' ^ cxogenous ^, as used herein refers to the fact that the 



polynucleotide fragment is externally introduced into the cell, Therein it may be 
present in a single of any number of copies, it may be integrated into one or more 
chromosomes at any location or be present as an extracluoraosoma^ material, 

The mvention Is Jiiilher directed at providing a hep&ranase overexpression 

5 system which mcfedes a ceil overexpressing beparanase catalytic activity . T he 
cell rrniy be a host cell transient ty or Mably transacted or transformed with any 
suitable vector which includes a polynucleotide sequence encoding a polypeptide 
having beparaii&se activity and a suitable promoter and enhancer sequences to 
direct overexpression of heparanase. However, the overexpressing cell may also 

to he a product of an insertion (e.g., via homologous recombination) of a promoter 
and/or enhancer sequence downstream to the endogenous hepaianase gene of the 
expressing cell, which will direct overexpression from the endogenous gene. The 
tern) Overexpression*' as used herein in the specification and claims below refers 
to a level of expression which is higher than a basal level of expression typically 

is characterizing a given cell under otherwise identical conditions. 

The invention is further directed at providing a xeeomhirmnt protein 
including a polypeptide having hepar&nase catalytic activity. 

The recombinant protein may be purified by any conventional protein 
purification procedure close to homogeneity and/or be mixed with additives. The 

20 recombinant protein may be manufactured using any of the cells described above. 
The recombinant protein may be in any form. It may be in a crystallized form, a 
dehydrated powder ferni or in solution. The recombinant protein may be useful 
in obtaining pure heparanase, which in turn may be useful in eliciting anti- 
heparanase antibodies, either poly or monoclonal antibodies,, and as a screening 

25 active ingredient in an anti-heparanase inhibitors or drugs screening assay or 
system, 

The invention is further directed at providing a pharmaceutical 
composition which include as an active ingredient a recombinant protein having 
heparanase catalytic activity . 

30 Formulations for topical administration may include, but are not limited 

to, lotions, ointments, gels, creams, suppositories, drops, li quids, sprays and 
powders. Conventional pharmaceutical carriers, aqueous, powder or oily bases, 
thickeners and the like may be necessary or desirable. Coated condoms, stents, 
active pads, and other medical devices may also be useful In fact the scope of 

35 the present invention includes any medical equipment such as a medical device 
containing, as an active ingredient, a recombinant protein having heparanase 
catalytic activity , 
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Compositions for oral adrninistrHtioii include ponders or granules, 
suspensions or solntioos in water or non-aqueous medi% sachets, capsules or 
tablets, TMckeners, diluents, fiavorisigs* dispersing aids, etnuisifiers or binders 
may fee desirable. 

5 Fomixijatioiis for parenteral administration may include, but are not 

limited to, sterile aqueous solutions which -may also contain buffers, diluents and 
other suitable additives, 

Bosing is dependent on severity and responsiveness of the condition to be 
treated,: but will normally be one or more doses per day , with coarse of treatnrent 

10 lasting from several days to several months or until a cure is effected or a 
diminution of disease state is achieved. Persons ordinarily skilled in the art cm 
easily determine optimum dosages, dosing methodologies and repetition rates. 

Further according to the present invention there is provided a method of 
identifying a chromosome region harboring a human heparanase gene in a 

15 chromosome spread, the method is executed implementing the folio wing method 
steps, in which in a first step the chromosome spread (either interphase or 
nictaphase spread) is hybridized with a tagged polyniicieotyde probe encoding 
heparanase. The tag is preferably a fluorescent tag. In a second step according to 
the method the chromosome spread is washed, thereby excess of nan^iyhridizcd 

20 probe is removed. Finally, signals associated with the hybridized tagged 
polynueleotyde probe are searched for, wherein detected signals being indicative 
of a chromosome region harboring the human heparaaase gene> One ordinarily 
skilled in the art would know how to use the sequences disclosed herein in 
suitable labeling reactions and how to use the tagged probes to detect, using in 

25 .situ hybridisation, a chromosome region harboring a hum an hepatanase gene , 

Reference is now made to the following examples ? which together with the 
above descriptions, illustrate the invention m a non-limiting fashion, 

30 examfl.es 

The following protocols and experimental details are referenced ill the 
Examples that follow: 

j$ Purification and ph&mcteriz&tiatt &f hep&mnase Jr&m a human 

fyepaimna cell line mtd human placemm: A human hepatoma cell line f Sk-hep- 
i) was chosen as a source for puri fication of a human t^mor-deri ved heparana 
Purification was essentially as described in U.S. Pat. No. 5,362,641 to Fufcs, 
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-which- is incorporated by reference as if fuHy set forth herein. Briefly, 500 liter, 
5x10 u celts were grown in suspension and the heparanase enzyme was purified 
about 240,000 fold by applying the Mlowing steps: (i) cation exchange (CM- 
Sephadex) chromatography performed at pH 6,0, 03-1.4 M NaCl gradient; (ii) 
5 cation exchange <€M~Sephadex) chromatography performed at pi I 7.4 in the 
presence of (U % CH APS, 0.3- J .1 M NaCl pt*dieni; (iti) heparin-Sephafose 
chromatography performed at pit 7 A in ttie presence of GJ% CM APS, 0,35-14 
M MaO gradient; (iv) ConA-Sepharose chromatography perfoniied af pll 6.0 in 
buffer eonlainitig 0 A % CHAPS and 1 M Nad, elntson with 0/25 M et~rnethy] 
10 mannosi de; and (v) HFLC cation exchange (Mono~S) chromatography performed 
at pi ! 7.4 in the presence of <M % CHAPS, 0,25-1 M NaCi gradient 

Active fractions were pooled, precipitated with TCA and the precipitate 
sohjected m SDS polyacrylamide gel electrophoresis and/or tryptic digestion and 
reverse phase HPLG, Iryptie peptides of the purified protein were separated by 
15 reverse phase tIFLC (CB eolumn) and homogeneous peaks were subjected to 
amino acid sequence analysis. 

The purified enzyme was applied to reverse phase Hf*LC and subjected to 
N -terminal amino acid sequencing using the amino acid serpeiieer (Applied 
Biosystems), 

20 Ceils: Cultares of bovine corneal endothelial cells (BCECs) were 

established from steer eyes as previously described (19, 38), Stock cultures were 
maintained in DM1M (1 g gineose/liter) supplemented with 10 % newborn calf 
serum and 5 % F£SL bFOF (1 og/rpl) was added every other day during the 
phase of acti ve cell growth (13, 14). 

25 Pmp&mtmn of dishes mated with ECM: BCBCs (second to fifth 

passage) were plated into 4- well plates at an initial density of 2 x lO^ eel Is/ml , 
and cultured in sulfaie-free Fisher medium pins 5 % dextran 1-40 for 12 days. 

was added on day I and 5 after seeding and the cultures 
were Incubated with the label without medium change. The ^uhendothelial ECM 

30 was exposed by dissolving (5 mm* room temperature) the cell layer with PBS 
containing 0.5 % Triton X-IOO and 20 roM NH 4 01i 7 followed by four washes 
with PBS. The ECM remained intact, free of cellular debris and firmly attached 
to the entire area of the tissue culture dish (19 , 22). 

To prepare soluble sulfate labeled proteoglycans: (peak 1 material), the 

35 ECM was digested with trypsin (25 pg/nrl, 6 i\ 37 °C % the digest was 
concentrated by reverse dialysis and the concentrated material was applied onto a 
Sepharose 6B gel filtration cohunrL The resulting high molecular weight 



materia! {Km< 03, peak I) was collected. Mora than 80 % of the labeled 
material was shown io be composed of heparan sul&e proteoglycans (i t, 39). 

Hepftmnme activity: Cells (J x iOTO-mm dish), ceil iysates or 
conditioned media were incubated on top of 35 S4ab6led ECM (I S h, 37 °C) in the 

.5- presence of 20 rnM phosphate boiler (pM 6.2). Cell Iysates and conditioned 
media were also mm bated with sulfate labeled peak I material (10*20 pl% The 
mcuhatioii medium was collected, eentrifuged (18,000 x g> 4 °C r 3 mm*), and 
sulfeie labeled material analyzed hy gel jRltratidii an a Sepharose CL-6B column 
|0J x 3D cm). Fractions (02 ml) were eluted with PBS at a How rate of 5 mlfh 

10 and counted for radioactivity using Bio-fluor scintillation fluid. The excluded 
volume (Vo> was marked by blue dextran and the total included volume (Vt) by 
phenol red. The latter was shown to coroigrate with: free sulfate (7, 1T ? 23), 
DegradatiOB fragments of HS side chains were eluted from Sepharose 6B at 1), 5 < 
Km < 0,8 (peak 0) (7 S 1 1 s 23). A nearly intact BSPG released from ECM by 

■15 trypsin - and, to a lower extent, during incubation with PBS alone - was eluted 
next to (Kav < 0.2, peak f). Recoveries of labeled material applied on the 
columns ranged from 85 to 95 % in different experiments (1 1), Each experiment 
was performed at least three times and the variation of' -elation positions (Kav 
values) did not exceed +/~ 15 %. 

20 €t&mng &fhpa cBNd: eDMA clones 25754S and 260138 were obtained 

from the LM<A.dE Consortium (2130 Memorial Parkway $W, Hunstvilie, AL 
35801). The eDMAs were originally cloned in jteoRI and Noil cloning sites in 
the plasmid vector pT3T7B-Fac; Although these clones are reported to he 
somewhat different, DMA sequencing demonstrated that these clones are 

25 identical io one another. Marathon MACE (rapid amplification of cDNA ends) 
human placenta £poly~ A) cDMA composite was a gift of Prof Yossi Shiloh of Tel 
Aviv Oniversity. This composite is vector free, as it includes reverse transcribed 
cDNA fragments to which double, partially single stranded adapters are attached 
on both sides. The construction of the specific composite employed is described 

30 in reference 3 9a, 

Amplification of hp3 PGR fragment was performed according to the 
protocol provided by Clonteeh laboratories. The template used for amplification 
was a sample taken from the above composite. The primers used for 
amplification were: 

35 First step: S'-primer: API: S^CGATCCTAATACOACTCAGTATAGGG 

G-3\ SEQ ID NO:!; 3 -primer: HPL229: S^OTAGTGATOCCATGTAACTOA 
AT&3'* SBQ ID NO:2, 



Sesond step; nested 5 -primer: API: 5- 

ACTCACT^ SEQ ID NO;3; nested primer: 

HPL17): 5- GG ATCTF A GCCG r rCl" TTCTTCG -3', SEQ ID MO:C The HPL22i 
and HPLJ71 were select ed according to the seqtiep^c of the EST clones. They 
5 mckide Hucieotides 933-956 and 876-897 of SEQ ID NO:9, respectively. 

PGR program was 94 °C - 4 min^ followed: by W cycles of 94 ®Q. ~ 40 
see^ 62 6 C - 1 nun., 12 '°C- 2 J mk Amplification was performed with Expand 
High Fidelity (Boehrioger Mannheim), The resulting ca> 900 hp hp3 PGR 
produet was digested with Bfrl m& PvtM. Clone 257548 (phpal) was digested 
rc> with IcaRI, followed by end filling and was then further digested with Bfrl 
Thereafter the Fvidl ~ BfH fr&gmmi of the hp3 PCR product was cloned into the 
blunt end ~ Bfrl end of clone pkpat which resulted in having the entire cOMA: 
cloned in ^T3T?-pae vector, designated phpal. 

P/V^l Seqmmemg; Sequence detenninations were performed with vector 
is specific and gene specific primers, using an automated DN A sequencer (Applied 
Biosystems* model 373A). Each nucleoside was read ff&m at least two 
in depende n t primers , 

Computer analysis 0/ sequences: Database searches for sequence 
similarities were performed using the Blast network service. Sequence analysis 
20 and alignment of DMA and protein sequences were done using the DNA 
sequence analysis software package developed hy the Genetic Computer Group 
CGCG) a t the Uni versi ty of Wisconsin. 

MT-PCRt RNA was prepared using TEI-Reagent {Molecular research 
center Inc.) according to the manufechirer instructions. 1 ,25 jig were taken for 
25 reverse transcription reaction using MuMLV Reverse transcriptase (Gibco BRL} 
and Oligo (M)is primer, SEQ ID KO:5 ? (Frotnega), Amplification of the 
resultant first strand cDNA was perforated with Taq polymerase (Promega^ The 
following primers were used: 

aFU~35S: 5^1^FCGA ? rcC€AAGAAGGAATCAAC-3^ SEQ ID NO:6,. 
30 nucleotides 372-394 in SEQ ID NO;9 or II. 

5-GTAGTGATGCCATGIAACTGAATC-3\ SEQ ID NO: 7, 
nucleotides 933-956 m SEQ ID HO; 9 or 1L 

PGR program: 94 °C - 4 mm,, followed by 30 cycles of 94 °C - 40 sec, 62 °C - I 
mm, 72 °C - 1 min, 

35 Exptessimi vfremm&mam hepamnme m insect ceils: Cells, High Five 

and SI2I insect cell lines were maintained as monolayer cultures in SF9OOII-SF0 
medium (GiheoBRL). 
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Mec&mttinant Baculovirus: Recombinant vims containing the Mpa %em 
was constructed using the Bac to Bac system {GtbeoBET}. The transfer vector 
pFastBae was digested with Salt and Awl and ligated with a 1.7 kb fragment of 
digested with Mot and M>/i. The resulting pJasmid was designated 
pFast%?«2. An identical piasmM designated P FastA/wi4 was prepared as a 
duplicate and both independently served for further expedmeniations. 
Recombinant bacmid was generated acceding to the instructions of the 
manu facturer with pFast^2, pFastAp«4 and with pFastBae, The latter served as 
a negative control. Recombinant bacmid DN As were iransfected into SB 1 insect 
cells. Five days after transaction recombinant viruses were harvested and used 
to infect High Five insect cells, 3 x 1# cells in T-25 flasks. Cells were harvested 
2 - 3 days afier infection. 4 x l¥ cells were eentrifhged and resuspended m a 
reaction buffer containing 20 mM phosphate citrate buffer, 50 mM NaCL Cells 
underwent three cycles of freeze and thaw and lysates were stored at -80 °C 
Conditioned medium was stored at 4 °C. 

Partial purifimimn of recombinant heparanase: Partial purification of 
recombinant heparanase was performed by heparin-Sepharose column 
ctomatography followed by Superdex 75 column gel filtration. Culture medium 
(150 ml) of sm cells infected with pFhpa4 vims was subjected to heparin- 
Sepharose chromatography. BMrion of J ml fractions was performed with 0.35 - 
2 M NaCl gradient in presence of 0.1 % CHAPS and 1 mM DTT in 10 mM 
sodium acetate buffer, pH 5.0. A 25 pi sample of each fraction was tested for 
heparanase activity. Heparanase activity was elutcd at the range of 0,65 - 1.1 M 
NaO (fractions 18-26, Figure 10a). 5 pi of each fraction was subjected to 15 % 
SDS-polyaerylamide gel electrophoresis followed by silver nitrate staining. 
Active fractions eiuted from heparin-Sepharose (Figure 10a) were pooled and 
concentrated (x 6) on YM3 cut-off membrane. 0.5 mi of the concentrated 
material was applied onto 30 ml Superdex 75 FPLC column equilibrated with 10 
mM sodium acetate buffer, pH 5.0 S containing 0.8 M NaCl, 1 mM DTT and 0.1 
% CHAPS. Fractions (0,56 mi) were collected at a flow rate of 0,75 ml/mtn. 
Aliquots of each fraction were tested for heparanase activity and were subjected 
to SDS-polyacrylaraide gel electrophoresis followed by silver nitrate staining 
(Figure l ib). 
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EXAMPLE J 
Cloning of the /t/wr gen e 

Pmiiitd fraction of lieparanase isolated from human hepatoma ceils (SK- 
hq> ' 5 ) Was objected » ttypfe digestion and microscquencina. EST (Expressed 
Sequence Tag) databases were screened for homology to the back translated 
DNA sequences corresponding to the obtained peptides. Two FST sequences 
Caece^ton Nos. N41349 and N4536?) contained a DNA sequence ending the 
peptide YGPD VQQPft (SEQ ID NO:8). These two sequences were derived itoni 
clones 257548 and 260138 (LM.A.G.E Consortium) prepared from .* to 9 weeks 
placenta cDNA library (Soares). Both clones which were found to be identical 
contained an insert of 1020 hp which included an open reading frame fORF) of 
973 bp followed by a 3* nntramfeted region of 27 bp and a Poly A Ml No 
translation start site ( AUG) was identified at the 5« end of these clones. 

Cloning of the missing 5' end was performed by PGR amplification of 
imm a ****** MMtfhon RACE cDHA composite. A 900 bp fragment 
(designated hp3), partially overlapping with the identified 3' encoding EST clones 
was obtained. 

The joined eDN A fragment, 1721 bp Jong {SEQ ID KD*9), contain ed an 
open reading tome which encodes, as shown in Figure I and SEO ID MOT I a 
polypeptide of 543 amino acids (SEQ ID NO: 10) with a calculated molecuiar 
wcght of 61,192 daltons. The 3' end of the partial cDNA inserts contained in 
clones 257M8 and 260138 started at nucleotide ®m of SEQ IB NO 0 and Figure 

I. s.- 

As further shown in Figure 1, there was a single sequence discrepancy 
between the EST clones and the PCR amplified sequence, which led to an ammo 
acid substitution from Tyr^ in the EST to Phe«« in the amplified cDNA The 
nucleotide sequence of the PCR amplified cDN A fragment was verified from two 
mdependent ampiification products. The new gene was designated hpa 

As stated above, the 3* end of the partial eONA inserts contained in EST 
clones 257548 and 260138 started at nucleotide 721 of hpa (SEQ ID NO'9) The 
ability of the hpa cDNA to form stable secondary structures, such as stem and 
loop structures involving nucleotide stretches in the vicinity of position 721 was 
investigated using computer modeling. It was found that stable stem and loop 
structures are likely to be formed involving nucleotides 698*724 (SEQ ID NO:9). 
In addition, a high GC content, up to 70 %, characterizes the 5* end region of the 
hpa gene, as compared to about only 40 % in the 3* region. These findings may 
explain the immature termination and therefore lack of 5' ends in the 1ST clones" 
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To examine the ability of the hpa gene product to catalyze degradation of 
heparan sulfate in an in vitro assay the entire open reading frame was expressed 
in insect cells, using the Baeulovirus expression system. Extracts of cells, 
infected with virus containing the hpa gene, demonstrated a high level of heparan 
sulfate degradation activity, while ceils infected with a similar construct 
containing no hpa gene had no such activity, nor did non-infected cells. These 
results are further demonstrated in the fallowing Examples. 

EXAMPLE 2 
Degradation of soluble ECM-cienved HSFG 

Monolayer cultures of High Five cells were infected (72 h, 2S °C) with 
recombinant Bacoluvirus containing the pF&sthpa plasmid or with control virus 
containing an insert free plasmid. The cells were harvested and lysed in 
heparanase reaction buffer by three cycles of freezing and thawing. The cell 
lysates were then incubated (18 h, 37 °C) with sulfate labeled, ECM-derived 
HSFG(peak 1), followed by gel filtration analysis (Sepharose 6B) of the reaction 
mixture. 

As shown in Figure 2, the substrate alone included almost entirely high 
molecular weight (Mr) material eluted next to V 0 (peak I, fractions 5-20, Km< 
035). A similar eiufion partem was obtained when the HSPG substrate was 
incubated with lysates of ceils that were infected with control virus. In contrast, 
incubation of the HSH3 substrate with lysates of cells infected with the hpa 
containing vims resulted m a complete conversion of the high Mr substrate into 
tow Mr labeled degradation fragments (peak TL fractions 22-35, 0.5 < Kav < 
0.75), 

Fragments eluted in peak & were shown to be degradation products of 
heparan sulfate, as they were (i) 5~ to 6- fold smaller than intact heparan sulfate 
side chains (Kav approx. 033) released from BCM by treatment with either 
alkaline borohydride or papain; and (ii) resistant to further digestion with papain 
or chondroifinase ABC, and susceptible to deamination by nitrous acid (6, 11) 

Similar results (not shown) were obtained with Sf2J ceils. Again, 
heparanase activity was detected in cells infected with the hpa containing virus 
(pF/r/wi), but not with control virus (pF). This result was obtained with two 
independently generated recombinant viruses. Lysates of control not infected 
High Five cells failed to degrade the HSPG substrate. 

In subsequent experiments, the labeled HSPO substrate was incubated 
with medium conditioned by infected High Five or SO 5 cells. 
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As shown iit Figures 3a-b, heparanase activity, reflected by tlie conversion 
of the high Mr peak 1 substrate into the low Mr peak U which represent MS 
degradation fragments, was found in the culture mediant of cells infected with the 
pFkpal or pFhpa4 viruses, hut not with the control pFl or pF2 viruses. No 
heparaiiase activity was detected in the culture medium of control non-infected 
High Five or Sf21 cells. 

The mediant of cells infected with the pFhpaA virus was passed through a 
50 kT*a cut off mettibrane to obtain a crude estimation of the molecular weight or 
the recombinant heparanase enzyme. As demonstrated in Figure 4, all the 
enzymatic activity was retained in the upper compartment and there was no 
activity in the flow through (<5D kDa) material. This result is consistent with the 
expected molecular weight of the hpa gene product. 

in order to further characterize the hpa product the inhibitory effect of 
heparin, a potent inhibitor of heparanase mediated HS degradation (40) was 
examined. 

As demonstrated in Figures 5a~b r conversion of the peak 1 substrate into 
peak U HS degradation fragments was completely abolished in the presence of 
heparin. 

Altogether, these results indicate that the heparanase enzyme is expressed 
in an active form fey insect cells infected with Baculovirus containing the newly 
identified human hpa gene. 

EXAMPLE 3 
Degradation of HSFG In intact ECM 

Next, the ability of intact infected insect cells to degrade HS in intact, 
naturally produced ECM was investigated. For this purpose. High Five or SOI 
cells were seeded on mefabolleally sulfate labeled ECM followed by infection 
(48 h, 28 °G) with either the pPhpei4 or control pF2 viruses. The pH of the 
medium was then adjusted to pH 6,2-6,4 and the cells further incubated with the 
labeled ECM for another 48 h at 28 °C or 24 h at 37 °C Sulfate labeled material 
released into the incubation medium was analyzed by gel filtration on Sepharose 
<>B. 

As shown in Figures 6a-b and 7a-b, incubation of the ECM with cells 
infected with the control pF2 virus resulted in a constant release of labeled 
material that consisted almost entirely (>90%) of high Mr fragments (peak I) 
elnted with or next to V 0 . It was previously shown that a proteolytic activity 
residing in the ECM itself and/or expressed by cells is responsible for release of 
the high Mr material (6). This nearly intact HSFG provides a soluble substrate 
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for subsequent degradation by heparanase, as also Indicated by the relatively 
large amount of peak I material accumulating when the heparanase enzvme is 
inhibited by heparin (6, 7, 1.2, Figure 9). On the other hand, incubation of the 
labeled ECM with cells infected with the pF%><24 virus resulted in release of 60- 
5 70% of the ECM-assoeiated radioactivity in the form of low Mr sulfate-iabeled 
fragments (peak % 0.5 <Kav< 0.75), regardless of whether the infected cells 
were incubated with the ECM at 28 *C or 37 y C. Control intact non-infected 
Sf2l or High Five cells failed to degrade the ECM HS side chains. 

In subsequent experiments, as demonstrated in Figures 8a-b, High Five 

10 and Sfll cells were infected (96 h, 28 °C) with p¥hpa4 or control pFl viruses 
and the culture medium incubated with suJfatedabeied !€M. Low Mr HS 
degradation fragments were released from the ECM only upon incubation with 
medium conditioned by p¥hpa4 infected cells. As shown in Figure 9, production 
of these fragments was abolished in the presence of heparin. No heparanase 

! 5 activity was detected in die culture medium of control, non-infected cells . These 
results indicate that the heparanase enzyme expressed by cells Infected with the 
pFkpa4 vims is capable of degrading HS when complexed to other 
macromoiecular constituents (i.e. fibronectin, laminin, collagen) of a naruraliy 
produced intact ECM, in a manner similar to that reported for highly metastatic 

20 tumor ceils or activated cells of the immune system (6, 7). 

EXAMPLE 4 
Putiftcuiian of mcomMnttftt heparanase 
The reeombmant heparanase was partially purified from medium of 
25 pF£pa4 infected BUI cells by Heparin-Sepharose chromatography (Figure 10a) 
followed by gel filtration of the pooled active fractions over an FFLC Superdex 
75 column (Figure 1 la). A ~ 63 fcDa protein was observed, whose quantity, as 
was detected by silver stained SDS-polyacrylamide gel electrophoresis, 
correlated with heparanase activity m the relevant column fractions (Figures l()b 
30 and 1 lb, respectively). This protein was not detected in the culture medium of 
ceils infected with the control pFl virus and was subjected to a similar 
fractionatiou on heparin-Sepharose (not shown). 

EXAMPLE 5 

35 Expression of the hpa gene in various cell types, organs and tissues 

Referring now to Figures 12a~e, RT-PCR was applied to evaluate the 
expression of the hpa gene by various cell types and tissues. For this purpose, 
total RNA was reverse transcribed and amplified. The expected 585 bp long 
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cDNA was clearly demonstrated in Iranian kidney, placenta (8 and 11 weeks) and 
mole tissues, as well as in freshly isolated and short termed (1.5-48 h> cultured 
human placenta! cytotrophoblashe cells (Figure 12a), all known to express a high 
heparanase activity (41). The hpa transcript was also expressed by normal 
human neutrophils (Figure 12h). In contrast, there was no detectable expression 
of the hpa m8N A in embryonic human muscle tissue, thymus, heart and adrenal 
(Figure 12b). The ftp® gene was expressed by several, but not all, human bladder 
carcinoma cell lines (Figure 12c), SK hepatoma (SK-hep-i), ovarian carcinoma 
(OV 1063), breast carcinoma (435, 231), melanoma and megakaryocytic (£>AMI, 
CMRF) human cell lines (Figures 12d-e), 

The above described expression pattern of the hpa transcript was 
determined to be in a very good correlation with heparanase activity levels 
determined in various tissues and cell types (not shown). 

EXAMPLE 6 
hpa homologous genes 

EST databases were screened for sequences homologous to the hpa gene. 
Three mouse ESTs were identified (accession No. Aal 77901, from mouse spleen, 
AaG67997 from mouse skin, Aa47943 from mouse embryo), assembled Into a 
824 bp cDNA fragment which contains a partial open reading frame (lacking a 5' 
end) of 629 fop and a 3' untranslated region of 195 bp (SEQ ID NO: 12). As 
shown in Figure 13, the coding region is 80% similar to the 3' end of the hpa 
cDNA sequence. These ESTs are probably cDNA fragments of the mouse hpa 
bomoiog that encodes for the mouse heparanase. 

Searching for consensus protein domains revealed an amino terminal 
homology between the heparanase and several precursor proteins such as 
Procollagen Alpha 1 precursor, Tyrosine-profein kinase-RYK, Ftlmlm~l, Insulin- 
like growth factor binding protein and several others. The amino terminus is 
highly hydrophobic and contains a potential trans- membrane domain. The 
homology to known signal peptide sequences suggests that it could function as a 
signal peptide for protein localization. 

EXAMPLE 7 

Isolation of an extended 5 ' mdofhpa cBNA from human SK~hepl cell line 

The $ end of hpa cDNA was isolated from human SK-hepl cell line by 
PER amplification using the Marathon RACE (rapid amplification of cDMA 
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ends) kit (Clontech), Total RNA was prepared from SK-fcepi cells using the 
TRi~Reagent (Molecular research center inc.) according to the manuiacturer 
kstruettOHS, Poly A* RNA was isolated using the mRNA separator kit 
CCloneteeh), 

The Marahton RACE SK-hepl cDNA composite was constructed 
according to the Manufacturer re commendations , First round of amplification 
was performed using an adaptor specific primer API; S'-GGATCCTAATAGG 
AGTGACTATAGGGG-3 , ? SEQ IB MO: U and a hpa specific antisense primer 
M-629: 5-GCCCAGGAGGAGGAGCATGAO-3', SEQ ID HOT % 
corresponding to nucleotides 119-99 of SEQ ID NO'9. The resulting PGR 
product was subjected to a second round of amplification using an adaptor 
specific nested primer AP2: 5*~ACTGACTATAGGGCTGGAGGck}G-3A SEQ 
ID NO: 3, and a hpa specific antisense nested primer hpl-666 5- 
AGGCTTCGAGCGGAeCAGCAT~3\ SEQ ID mm, corresponding to 
nucleotides 83-63 of SEQ ID HO:9. The PGR program was as follows: a hot 
start of 94 °C for I minute, followed by 30 cycles of 90 °C ♦ 30 seconds, 68 °C - 
4 minutes. The resulting 300 bp .DMA fragment was extracted from an agarose 
gel and cloned into the vector pGEM-T Easy (Promega). The resulting 
recombinant plasmsd was designated pHPSKl . 

The nucleotide sequence of the pHPSK l insert was determined and it was 
found to contain 62 nucleotides of the 5* end of the placenta hpa cDNA (SEQ ID 
MO:9) and additional 178 nucleotides upstream, the first 178 nucleotides of SEQ 
IDNOs:I3andI5. 

A single nucleotide discrepancy was identified between the SK~hepl 
cDNA and the placenta cDNA, The "T" derivati ve at position 9 of the placenta 
cDNA (SEQ ID N0;.9), is replaced by a "C" derivative at die corresponding 
position 1 87 of the SK-hep 1 cDNA (SEQ ID NO' 13). 

The discrepancy is likely to be due to a mutation at the 5' end of the 
placenta cDNA clone as confirmed by sequence analysis of sevsral additional 
cDNA clones isolated from placenta, which like the SK-hepI cDN A contained C 
at position 9 of SEQ ID NQ:9. 

The S' extended sequence of the SK-hepI hpa cDNA was assembled with 
the sequence of the hpa cDMA isolated from human placenta (SEQ ID MO-9). 
The assembled sequence contained an open reading frame which encodes, as 
shown in SEQ ID NOs:14 and 15, a polypeptide of 592 amino acids with a 
calculated molecular weight of 66,407 daltons. The open reading frame is 
flanked by 93 hp 5' untranslated region (UTR). 



EXAMPLE 8 

Isolation of the upstream ge/t&mic region <rf the hpa gene 

The upstream region of the hpa gene was isolated using the Genome 
Walker kit (Clonteeh) according to the manufacturer recommendations. The kit 
mcludes five human genomic DMA samples each digested with a different 
restriction endonuclease creating blunt ends: EcoR V, Seal Bral } PvtM and Sspl. 

The feluBt ended DMA fragments are ligated to partially single stranded 
adaptors. The Genomic .DNA samples were subjected to PGR amplification 
using the adaptor specific primer and a gene specific primer. Amplification was 
performed with Expand High Fidelity (Boehrtnger Mannheim). 

A first round of amplification was performed using the apt primer: 5~G 
TAATAeGACTCACTATAGGGG-3', SEQ ID NO: 19, nnd the ^specific 
antisense primer hpl-666: S7~AGGCTTCGAGCGGAGGAGCAT-3*, SEQ ID 
MOMS, corresponding to nucleotides S3 ~ 63 of SEQ ID NO:9. The PGR 
program was as follows: a hot start of 94 B C - 3 minutes, followed bv 36 cycles of 
94 »C - 40 seconds, 67 *C - 4 minutes. 

The PGR products of the first amplification were diluted 1: 50. One al of 
the diluted sample was used as a template for a second amplification using a 
nested adaptor specific primer ap2: 5' AGTATAGGGCACQCGTGGT-3 1 , SEQ 
ID NQ:20, and a hpa specific anfisense primer hpl-690, 5*-GTIX3GGCTCAGC 
TGGCTGGTC~3\ SEQ ID NO:21, corresponding to nucleotides 62-42 of SEQ 
ID NO:9. The resulting amplification products were analyzed using agarose gel 
electrophoresis. Five different PGR products were obtained from the five 
amplification reactions, A DMA fragment of approximately 750 hp which was 
obtained from the Sspl digested DMA sample was gel extracted. The purified 
fragment was ligated into the plasmid vector pGEM-T Easy (Promega). The 
resulting recombinant plasmid was designated pGBP690S and the nucleotide 
sequence of the hpa insert was determined. 

A partial sequence of 594 nucleotides is shown in SEQ ID MO: Hi lie 
last nucleotide in SEQ ID MO: 1 3 corresponds to nucleotide 93 in SEQ ID: 13. 
The DMA sequence in SEQ ID NO: 16 contains the 5' region of the hpa cDNA 
and 501 nucleotides of the genomic upstream region which are predicted to 
contain the promoter region of the hpa gene. 
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EXAMPLE 9 

Expression of the S92 umitm acids EPA polypeptide in a human 293 ceil line 
The 592 amino adds open reading frame (SEQ ID MOsM3 and 15) was 
constructed by ligation of the 1 10 bp corresponding to the S* end of the SK-hepl 
5 hpa cDNA with the placenta cONA. More specifically the Marathon RACE ~ 
PGR amplification product of the placenta hpa IMA was digested with Sael and 
an approximately 1 fch fragment was ligated into a &JcT~digested p{jHP6905 
plasrrud. The resulting plasmid was digested with Earl and AatlL The Earl 
sticky ends were blunted and an approximately 280 bpEarlMxtM~Aam fragment 

to was isolated. This fragment was ligated with pPmhpa digested with FcoRJ 
which was blunt ended using Klenow fragment and further digested with Aatll. 
The resulting plasmid contained a 1 827 bp insert which includes an open reading 
frame of 1776 bp, 31 bp of 3* UTR and 21 bp of 5' UTR, This plasmid was 
designated pFastL%a. 

55 A mammalian expression vector was constructed to drive the expression 

of the 592 amino acids heparanase polypeptide in human cells. The hpa cDNA 
was excised prom pFmLkpa with BssUU and Noth The resulting 1850 bp 
BssMlhNotl fragment was ligated to a mammalian expression vector pSl 
(Promega) digested with Miul and Notl. The resulting recombinant plasmid, 

20 pSify?<jMef2 was transfected into a human 293 embryonic kidney cell line. 

Transient expression of the 592 amino-aeids heparanase was examined by 
westera blot analysis and the enzymatic activity was tested using the gel shift 
assay. Both these procedures are described in length in U.S. Pat. application No. 
09/071,739, filed May 1, 1998, which is incorporated by reference as if folly set 

25 forth herein. Ceils were harvested 3 days following iransfectiom Harvested cells 
were re-suspended in lysis buffer containing 1 50 mU Nad, 50 raM i ris pH 7.5, 
1% Triton X-100, 1 mM PMSF and protease inhibitor cocktail (Boehringer 
Mannheim). 40 fig protein extract samples were used for separation on a SDS- 
PAGE, Proteins were transferred onto a PVDF Hybond-P membrane 

36 (Amemham). The membrane was incubated with an affinity purified polyclonal 
anti heparanase antibody, as described in U.S. Pat application No. 09/071,739. 
A major band of approximately 50 kDa was observed in the transfected cells as 
well as a minor band of approximately 65 kDa. A similar pattern was observed 
in extracts of cells transfected with the pShpa as demonstrated in U.S. Pat 

35 application Mo. 09/071,739. These two bands probably represent two forms of 
the recombinant heparanase protein produced by the transfected cells. The 65 
kDa protein probably represents a heparanase precursor, while the 50 kl>a protein 
is suggested herein to be the processed or mature form. 
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The catalytic activity of the recombinant protein expressed in the 
pShpaMm transfected cells was tested by gel shift assay. Cell extracts of 
transfected and of mock transfected cells were incubated overnight with heparin 
(6 ug in each reaction) at 37 °C, in the presence of 20 mM phosphate citrate 
buffer pll 5,4, J mM CaCi% I mM DTT and 50 mM MaCi. Reaction m Stores 
were then separated on a 10 % polyacrylamide gel. The catalytic activity of the 
recombinant heparanase was deafly demonstrated by a fester migration of the 
heparin molecules incubated with the transfeeied cell extract as compared to the 
control . Faster migration indicates the disappearance of high molecular weight 
heparin molecules and the generation of low molecular weight degradation 
products. 



EXAMPLE 10 
Ch romosomal localization of the hpa gene 

Chromosomal mapping of the hpa gene was performed utilizing a panel of 
monochromosomal human/CHO and human/mouse somatic cell hybrids, 
obtained from the UK HGMP Resource Center (Cambridge, England), 

40 ug of each of the somatic cell hybrid DMA samples were subjected to 
PGR amplification- using the hpa primers: hpuSoS 5' AGCTCTGTAGATGTGC 
TATACAC~3*, SEQ ID N0:22 f corresponding to nucleotides 564-586 of SEQ ID 
NG:9 and an antisense primer hp! 171 S'-GCATCTTAGCCGTCriTGTTGG-S', 
SEQ ID NO: 23, corresponding to nucleotides 897- 876 of SEQ ID NO:9> 

The PGR program was as follows: a hot start of 94 °C - 3 minutes, 
followed by 7 cycles of 94 °C -45 seconds, 66 *C - 1 minute, 68 °C - 5 minutes, 
followed by 30 cycles of 94 e G - 45 seconds, 62 °C - 1 minute, 68 *C - 5 
minutes, and a 10 minutes final extension at 72 °C> 

The reactions were performed with Expand long PGR (Boehringer 
Mannheim). The resulting amplification products were analyzed using agarose 
gel electrophoresis. As demonstrated in Figure 14, a single band of 
approximately 2.8 Kb was obtained from chromosome 4^ as well as from the 
control human genomic DNA„ A 2.8 kb ampliEeation product is expected based 
on amplification of the genomic hpa clone (data not shown). No amplification 
products were obtained neither in the control DMA samples of hamster and 
mouse nor in somatic hybrids of other human chromosome. 

Although the invention has been described in conjunction with specific 
embodiments thereof it is evident that many alternatives, modifications and 
variations will be apparent to those skilled in the art. Accordingly, it is intended 
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to embrace all such alternatives, modifications and variations that fall within the 
spirit and broad scope of the appended claims. 
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WHAT IS CLAIMED JS: 



L A polymicteotkic fragment eoniprismg a poiynude^tide sequence 
encoding a polypeptide haying heparanase catalytic activity. 

X The polynucleotide fragment of claim L wherein said 
polynucleotide sequence, mefndcs n^elootides 63-1691 of SHQ ID NQ:9 V or 
nucleotides I of SEQ ID NO: 13. 

3- The polynucleotide fragment of claim L wherein said 
polynucleotide sequence includes nucleotides 63- 72 1 of SEQ ID NO A 

4 the polynucleotide fragment of claim I . wherein said 
polymicleadde is as set forth in $EQ ID NOs:9 or 13, 

5 The polynucleotide fragment of claim 1, wherein mid 
polynucleotide sequence mcludes a segment of SEQ ID NOs:9 or 13, said 
segment encodes said polypeptide having said heparanase catalytic activity, 

6. The polynucleotide fragment of claim U wherein said polypeptide 
includes an amino acid sequence as set forth in SEQ ID NOs: 10 or 14. 

7, The polynneleotide fragment of claim I, wherein said polypeptide 
includes a segment of SEQ ID NOs:f 0 or 14, said segment harbors said 
heparan&sc catalytic activity. 

The polynucleotide, fragment of claim I:, wherein said 
polyTmcieotide sequence is selected from the group consisting of double stranded 
DNA, single stranded DMA and KNA, 

9 A single stranded polynucleotide fragment comprising a 
polynucleotide sequence complementary to ai least a portion of a polynueieotide 
strand encoding a polypeptide having heparanase catalytic activity. 

10 The polynucleotide fragment of claim 9\ wherein said 
polynucteotide sequence includes at least a portion of SEQ I D H0s:9 or Vh 
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i 1 - A vector comprising a polynucleotide sequence eneodmg a 
polypeptide having heparanase catalytic activity. 

12 1 he *«cior «f claim. I t, wherein said polynucleotide sequence 
includes nucleotide 63-160! of SEQ ID HO:% or nucleotides 139-1869 of SEQ 
ID N0T3. 



I3> fhe vector of claim 11, wherein said polynucleotide sequence 
includes nucleotides 63-721 of SEQ ID MQ:9. 

14. The vector of claim ! 1, wherein said polynucleotide sequence is as 
set forth in SEQ ID NO$:9 or 13. 

15. The vector of claim 11, wherein satd polynucleotide sequence 
includes a segment of SEQ ID HOs:9 or 13, said segment encodes said 
polypeptide having said heparanase catalytic activity. 

1 6. The vector of claim 1 1 , wherein said polypeptide includes an amino 
acid sequence as set forth in SEQ ID NOs: 10 or 14. 

! /. The vector of claim I I, Wherem said polypeptide includes a 
segment of SEQ I D NOs: 1 0 or 14, said segment harbors said heparanase catalytic 
activity. 

18. The vector of claim "I 1, wherein said polynucleotide sequence is 
selected from the group consisting of double stranded DMA, single stranded 
DNA and RNA. 



19. A host cell comprising an exogenous polynucleotide fragment 
■including a polynucleotide sequence encoding a polypephde having heparanase 
catalytic activity. 



20, The host cell of claim 19, wherein said polynucleotide sequence 
includes nucleotides 63-1691 of SEQ JD NO;9 ; or nucleotides I391S69 of SEQ 
ID NO: 13. 



2k fhe host cell of claim 19, wherein said polynucleotide sequence 
includes nucleotides 63-72 ? of S EQ ID NO* 9, 
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22. The host cell of eiaim 1% wherein said polvmicleotiiie; sequence m 
m m forth in SEQ ID NOs:9 or 13. 

21; The host cell of claim 19, wherein said poly miel eotide sequence 
includes a segment of SEQ IP M0s;9 or 13, said segment encodes said 
polypeptide having said heparanase catalytic activity. 

24* The Host cell of claim 19, whereiri said polypeptide includes m 
amino acid sequence as set forth m S1Q ID N0s:K) or 14, 

25. The host cell of claim 19, wherete said polypeptide includes a 
segment of SEQ ID NOsc l O or 14, said segment harbors said hep&ranase catalytic 
activity. 

26. Hie host cell of clairn 19, wherein said polynucleotide sequence is 
selected from the group -consisting of double stranded DMA, single stranded 
DMA and RNA. 

27. A host cell expressing a recombinant heparanase. 

23, A recombinant protein comprising a polypeptide having hcparaiiase 
catalytic activity. 

29. The recDmhm&nt protein of claim 28., wherein said polypeptide 
inctades a segment of SEQ ID NOs: t 0 or 14, 

3Ch A polynucleotide fragment comprising a polynucleotide sequence 
capable of hybrid izing with no cieot ides 1-72! of SEQ ID N0.?9. 

3 L A polynucleotide sequence as set forth in SEQ ID HQ$:9 or 13, 

32, A polynucleotide sequence homologous to SEQ ID NOs:9 or 13, 

33 . An amino acid sequence m set forth in SEQ II> NOs: 1 0 or ! 4, 

.34, An amino acid sequence homologous to SEQ ID NOs: 1 0 or 14. 
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i5 - A pharmaceutical composition comprising as an active ingredient a 
recombinant protein having heparanase catalytic activity. 



36. A heparaaase overexpression system comprising a oell 
overexposing heparanase catalytic activity. 



37. A modulator of heparm-bmdmg growth factors, cellular responses 
to heparm-binding growth factors and cytokines, cell interaction with plasma 
lipoproteins, cellular susceptibility to viral, protozoa and bacterial infections or 
disintegration of nenrodegeneratiTe plaques comprising as an active ingredient a 
recombinant protein having heparanase catalytic activity. 



33. A medical equipment comprising a medical device containing, as 
an active ingredient, a recombinant protein having heparanase catalytic activity. 

39. The vector of claim 1 1 , wherein said vector is a baculovirus vector. 

4 0. The host eel I of claim 19, wherein said cell is an insect cell. 

41 . The host eel! of claim 27, wherein said cell is an insect cell. 
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42. A mat hod of identifying a chromosome region harboring a human 
hsparanase gene in a chxoniosome spread comprising the steps- of: 

(a) hybridizing the chromosome spread with a tagged polynttcieotyde 
probe encoding heparanase; 

(b) washing the chromosome "Spread, thereby removing excess ofnon- 
hybridized probe; and 

(c) searching for signals associated with said hybridized tagged 
potynueieotyde probe, wherein detected sifnals being indicative of 
a chromosome region harboring a human hepar&nase gene, 
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mp u e GT XACTG t CMSA^ T ^AAGGCCCAGAC AG GAGCAAACT CC GAGTGt AT C 3 00 

If ! I II 1 \ II 111 f II ! ! I 1 M M If II Hill H [ 
httttta-ri CTTX^GGC^ 13 gS 

mod se TCCACTGCACTA^ 3 SO 

i if inn ru i i rn i nr t trifinii inn 

human TTGAT ; ?GCA€AAACA€TGACAA^ 1 4 I 5 

mus e C? GTATGT OCT OAACCTC C ATAAT GTCACCAAGC: ACOG AAG GTAC CGCC -400 

n 1 1 1 u j 1 r 1 m 111 rn i i n r n n f u n i r n s i 

human £:TG:TATG€CATAAA€CT^ H65 

in i i 1 i j { i 1 s I nil 1 n 1 i 1 in i i n * in s 

huiaan £CCTTTT1*€TAACAAGC^ 1$1S 
mouse CGGATGGATTACTTTCC^^ SOD 

i linn i i rn 1 f i n 11 n m n if s \ i \ i n i \ t rn in 

huisan CtCAT^GAfTACfTTCCAAATaTGl^^ 1 S 6 S 

mo us e KFQm%Gm<^cp>m^ gacagaaaaacgtctccccgc 5 S O 

f IfMIMlii ii i f I 1 1 1 H I I f i I J l lif Milt n i 1 

human ATGGT<3&ATGATCAAA 161 5 

^OU s.e AG GAAGTG G AC T AA<3 CCT <S GC T G CCTTTT C CT AT GGTT T T TTT GT C ATA& ^00 

i M = rut i f i i 1 1 t tu i 1 1 i i i it i mi n 1 1 i u i j i i 

human AGGAAGTTCAGTG<SCCTT<3CCA^CT 1 6 65 

• * «• 

f itiii nrn i riimii n mm m n 
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we mn nm 



14/14 



f-4 



O 

■ 

SO 



1» i 



I 

^ 1 




SUBSTITUTE S HEET (RULE 28) 



to 
Hi) 



(in) 



<tx> 



AmJCAKT: 

title or ikvenhsnt 



m 
m 

m 
try 



ADDRESS^; 
STREET ; 

curt 

COUNTRY: 



twpwm mmmi* form: 

*A> «Et>I:UH TVP£' ; 

<£} COMPUTES; 

SOFTWARE; 



Iris Pecker d fsfSeS Vloctevsky arid fctehia 
fgiftStelft- 

POtTiJUCtCOl IDE EtJCOCHKG A POUFmU* 

nwtm mpmm&m Acnvm and excess s oh of 
sahe ih wmwmm cells 

tfarfe >L tri cdtaar* c/# Robert Shtflrtbefn 
29^0 g if entree ism* 
Stiver Spring 
Maryland 
United Stales of Ai&eHca 

t megabytes, 5.5** microdisk 

MS DOS version 
Wircfows version 3*1? 

Word for WuKk>Wi vers i ?.,0 convert £d to 
an ASCI file 



Ct$fl£N'T APPU CATiftR DATA; 

<A> Am.lCATTOji HUHSf^c- 

<B) FHl^ DA1L : : 

CO ClASSiflCATlD^c 

PSU0R APPLICATION &ATA; 

(A.) APPLICATION aUKS&*; 0fr$22,l7Q 

C8> FtUtifc £JAT£; 2 StP t#7 

AT TOSHEY/AC&NT IHfpRKAT ION : 

£A) NA>i£; 

tS) 8£efST*AT18*t KUMS£Ri 

Ti-i.gGCmy»ICATiO« i8fOS*SATI0*i; 
(A J TELSPHQ^: 
CO TfctEFAX; 
CO TELEX; 



I r i^cJmsm, Hark H. 
9*5*/ 1 

972 -3 5^5553 
?72 ^56£S5S4 



<2) 



IK FORM A? ION FOR SEP SO HO H i 



(X i > 



$E£U£f4C£ C.HABACTM5 ST ICS c 



<A> 

CO 
0?) 



TTP£; 

$TRAK0e>fi£SS: 



SEQUENCE PESCRTH TOK 



37 

nucleic mid 

single 

S j rwar 

SEQ 10 NO; 1: 



CmCCTAAT AEGA£TCA£T ATAQGCsC 2? 



*tif&ttftAttt$t FOK SCO ID UQxZ: 



tn 



SE*UEMC£ CHASACTES iSTICS? 



(A) 
CD) 



LENGTH; 
TOPOLOGY; 



SLQtO*eE OE SCRIPT lOH: 



24 

nucleic add 



(St A&T CAT CC CATGTAACTO AATC 24 



<2> 



.SEQUENCE' CHARACTER LSI j CSi 



(A> 

CD ) 



TVP£s 
TOPOLOGY; 



SLQUEHCE D£ SCRIPT im C 



25 

r>uc I <? » c at? id 
$ it ft§ ifi 

sec t£? 



AC ?C AC TATA G5GCTCSACC C^C 23 



<2> 



mH^AT.?o« roe sfD 3D mx$t 



SLWF^Ce CHARACTER 1ST JCS>. 



CO 



LENGTH ; 

£tgAHDFDN£S$; 
TOpOLOGV : 



fiCAtCTTAGC CC'tCTT TCT1 



nucleic acid 
3£0 m «0r4; 



immmiim tm i.& HQ.-.. 



SUSST1TUTE SHEET (RULE 26) 



wo 9m r??8 



n 

?a> Uh*t*s n 

< C > fcAtfOBMfcSS t si ngle 

TtTTTTTTTT TtTTT 35 

t ?j J KfOBRAT ? OJf FOf? S£6 1 0 HQ ; 6 ; 

(A) LENGTH* » 

C&> TVP£r nticte>£ acid 

it) S?ftA«Cm£SS: siftM* 

(b> TOPOiOG? ? linear 

<A> Lf.KGTH; ^ 

<C> STKANDtO^SS: single 

<D) TOPOLOGY: M't«.ar 

STASTGATGC WTGTAACTG AA?£ 

•<&) *tf*QPJ«TiS«: fW $m lft 

f f :> . C*I £*i Aft ACTfc .g 1ST ! C3 i 

<A> LfttOttti 9 
<S> tYPr. c anatina 
CC> STRA^O>«^S5t single 

?Vr Sty Asp Vfai (Sly Stn Pro Art? 

i iy 5&QU£«CS CHAKACTHRiST ICS ; 

<8i TYF£j nucleic at id 

<C % STfiAttDE ; tioijb 

CD) tOf^OiOGY: limar 

■{«■?> S£QWEH££ DESefcWIOHs S£G i& K0?9r 

CTA&A&CT T T CGAC ?C t CCS CI &CCCGQCA £Ci£GC&GG£ ^^CAGCCA ^TGAGCCCA W 
AKATGCTGCT GCSCTSCAAG CCI&CGGTGG CGCCSCCSCT GA*GUG£l6 £T^IG*GGG *20 

ecorafttft c€tciccc€T cGcaceci^ gcgsacctsc ^^ ^^^ ^ 

ACCTGGACTf c.TTCACCCAG GAGCGGCTGC ACCIGGIGAG CCCCTCSTTC ^TCCGfCA |40 
CCATTSACSC CMCCTSGCC ACC^CCCfiC GSTTCCT^T CCTCCl^T ^TCCAAA^ MO 
ItmACClT SOeCA&ftQGC TifWCTCCtG CatAtCTOAS 6TTT66TGCC. ^^AOACAS 560 
ACTTCCTAAT TTTCGATCCC AAGM^GAAT CAACtTTTSA A^AGAAGT ^T^tAAt A*J> 
CTCMGTCAA CCAGOATATT TtSCAAATATS GATCCATCCC tCCTGATSTa *» 
TACOSTISGA AiSOCCCTAC CA^AGCAAT tGGTACTCCG A^CACTAe 5» 
TCAASAACAS CAGCTACTCA AGAAGGTCIS TA6AT.GTfi.CT A7 ACACTTTT -CCWWCTCCl W 

At^TTCTAA TW3C*ettC- CTGCTO^CT ACTGCTCTTC CAAS^TAT Wg^WTT ^ 
^AAfTAGPi CAATGAACC1 AftCAtStTTCC TMAGAASGC TGATATTTTC ATCAATGGGT 7B0 
G^CAGT TAG'S AGAAGATTAt ATTCAATT^ ATAAACTTCT AAQ^C ^TTCAAAA MO 
ATGCAAAACT CTAT60TCCT GAT6TT0STC AGCCTCGAA^ AM6A« ^ 
AfiAiSCTICCt ««*C«8T« TTGAT1CAGT ^OAUATT ^60 

TTTCATCT6T GCAAAAAGTI TTCCAGGTGC |TfiAC*6C*C CAGG€OGGU AA^^CT ^ 
GGXIAGGAGA AAGAAGCTCT ^CATATSGAG GCGGAGCSCC CTT6CTATCC GACA^TUG 1^0 
€«CTC6CtT WftTGtetTS GATAAATTGG GCCTGTCAGC CCGAATCGGA ATAv,AA6^G t|00 
T GATGAGGCA AG1MTCTTI ^AGCAGGAA ACTACCATTT A^TG^TGAA ^TtOAT^ 260 

iCBGAAGCSl aCAAGGTTCA AA^GAAGGA A^TTGGAGt AtACGtTCAT t^AGAAACA | 

ctaAGAATcc mmWMA amsmn taactctgta tcccataaac c^am^s 

TtACCAAOTA CTTGG^TtA CCCTAT^TT tt TCTAACAA GCAAGTGGA JAATACGtrG SGO 
TAAGACCT T t G^ACCTCA? GGATTAGT T T CCAAATCTGT CtAACTGAAl ^^Tv 1,6 ; 
5AAAGA tGG> GGATGATCAA ^CTTGGCAC WW MAACC ^G t^G^GAA- ,6. 
GtTCACt&SS -CtiGCCAGC? X T C ? GAT A t A G t t TT TOT GA t- A AG AAA ^ ^ ^ 
CIGCTTGCA1 GTGAAAATAA AATATAGTAG T-CCT5ACACT 6 J 

£?) ^rOKsHAtibW fOR Hi *0;tG; 



susstrruTE sheet pule m) 



wo mi.iim 



in 

{A3 t£«2TH: 545 

<g> TYPE i amino mid 

<C> STSAfcDamsSt single 
{&> TOPOlOSYc linear 

(xi> s£ouckce sEscsimaw: see it> toiiB: 

Bet m« ley Aral See lys Pro Ala Let* Pro Pro Pro ieu M fc«a. leu 
5 10 tS 

Leu teu £fy We let/ Giy Pro Le** Ser Gly Ala Leu Pre* Arg Pro 
&3 25 3D 

Ala G*p Ata Gin Asp Vat Vai Asp Leu Asp Phe Pbe The Gift Gtu Pro 
35 40 45 

Leu Kis teu v*t' Ser pro S*?r Pfre Leu $«r Vai Thr Me A A ts A'srt 
! i0 55 63 

Leu AT* Tftr Asp Pro Ar§ PJ*e leu Me i. eu L eu Gly Ser Wm Lys leu 

&s /a ?s aa 

Arg thr leu Ala Art? Gly Leu Ser Pro AL# Tyr leu Ar$ Phe Gly Gly 
S5 90 9$ 

Ikr Jy's Tftr Asp P he Leu lie Phe Asp Pro Lys tys Giu Ser Tfu Phe 
100 105 HO 

Gin QUt At* SeF Tyr Trp Gin Ser GUv Vat Asn Ctn Asp tk Cys tys 
115 120 125 

Tvr Giy Ser He Pre Pro Asp -Vial Giu Giu lys Leu Ar<j Lefc Gtu Trp 
130 135 *40 

pro tvr Gin Glu Gin Leu Uu Aro Glu His Tyr £*r> iys tys 
%m ' 130 155 160 

ty* A<p Ser Tfcr Tyr Ser Ar«r Ser Sef V^i ftsp- V*.l leu Tyr The r»fre 
165 170 175 

AU ASt> Cys Ser Gtv Leu Asp Leu He Pk* £*y tea As*v Ala Leu Leu 
1B0 165 190 

The Aii* Asp leu &in trp Am Ser Ser Ash A*3 Gin leu leu leu 
195 200 205 

Asp Tvr £ys Ser Ser tys- Gly Tyr Asp He Ser Trp &lu Leu Gty Asp 
210 215 220 

Gtu Pro Asp Ser f*he leu ly* ty* Ala Asp lie Pfte i te A srs Gty Ser 
225 m 235 240 

Gin Leu Sty Slu Asp Tyr lie 6 trt teti Lys Ley Leu Arg tys S£r 
245 350 m 

thr Phe Lys Asr* Ala tys Leu Tyr Gly fro mp *** Oty GIa >ro Arg 
^60 ^65 270 

Arg iys T^r AU' tyas Net leu tys Ser P^e Leu Lys A(s Giy 6ty Glu 
275 2dS 

val |:te Asp Ser Va* Thr Trp His ais Tyr tyr ieu .Aw Gly Arg Thr 
290 25^ 

At* ?hr Ar^ Glu Asp ^Phe ieu A^p pr.tt.-tep Va« Leu Asp lie Pfre lie 
50^ 510 315 -m* 

iier Sef Vat St*> i v& Vai f»h«'&tn Vai Val GU* $esr Tftf Ar^. Pro Giy 
325 »0- T.^ 

ty< ; tys Vis i Iy p leu Gly GLu The Ser Ser AU Tyr GEy Gly Gly A 
540 -TiSD 

Pr« t <>u (wr Ser Asp Thr Pfre Ala Ala Giy f*he ^et Ir'p leu Asp i : y^. 

565 

Leu- UM Leu r ? .pr AUi Arg Her u i y lie Giu V*>.i Hei Ar.g Gir* Vei 

SUBSTIiy TE SHEET (RULE 26) 



WOM/f 179H FCT/U S M 79S4 



IV 

>?5 380 

pfce Fh<? Giy At 3 Glv Asrt Tyr His Leo Vat Asp Glij Asn :Ph*» Asp Pm 
335 390 39$ 400 

leu Pro Asp tyr ftp Leu Ger Im i m Phz iys i.ys U« Vai. Gty tfrr 
405 410 415 

tys Vat Leu Het Ala Ser Vat Gin Sty Ser lys Arg Arg ty§ Ars 
420 450 

Yat Tyr Ley wis. Cys Thr Asri Thr Asp &%n Pro Arg Tyr tys sift* ei-y 
435 440 44S 

Asp teu Thr teu Tyr Ala its Asn Leu iiis Asn Va* Thr tys Tyr Leu 
650 45S 460 

Argf t«ii Tyr Pr& Pfte Ser Asn- i ys ain Vai Asp tys Tyr tea 
465 470 475 ABO 

Arg pro tsu Gfcy Pro His £iy ieu Leu Ser i ys Ser Vsi Gin ieu Asr? 

485 490 495 

Civ Thr t&i tys f&t Vat Asp Asp £lr» Thr i^u Pro Pro .'teu tie* 
sm 5<?5 STO 

r»ta tys Frs Lei* Aro. Pro fj.lv i«r Ser leu Gty t^frcf Ata ffce Ser 
51S 520 525 

Tyr Ser Pbe Pfte Vat He Af*3 ASfV Ate Lys Vat Ala Ate Cys lie 
530 535 540 S43 

££> IKRmHftTJON fOfe 5ES U> NO: H i 

1 1 } SP£U£ HCt CHARACTER 2 ST i CS : 

(A) C£&3Ttf? 171.8 

(C> STRA&kEOttESS? doubte 

(Ji> TOPOLOGY; linear 

f X j ) S£OUEKCC DESCRIPT IGW i S£Q l5> KO; 11 1 

CT ASA GCT TiC GAG K 

TCT CCS C?G CGC GGC ACC T&G CCG GC*G SAG GAG CCA CGT GAS CCC AAG 

ATG CTG CTG CCC ICS AAG CCT GCG CTG CCG CCG CCG CIS: ATS CIS CTS 110 
Met Leu lm Ar$ Sor tys i*r# At* teu Pro Pro Pro L*u Het feo Leu 
5 10 15 

CtC CtG GCG CCG CTG GOT CCC €TC tCC CCT GGC SCC CTG CCC CGA CCT 1-58- 
tea Gly Pro leu Giy Pro Leu- :S«r Pro Sty M» i^u Pro Ar§ l>ro 
20 25 3D 

GCG CAA GtA CAG SAG £TC GTG SAC CTG GAC TIC TTC ACC CAS GAS GCG 206 
At* 6in AU Gin Asp Vol V«i Asp teu Asp Phe Phi^ Tttr Gtn Gtu Pro 

4C5 45 

CTG CAC CTG <STG ASC- CGC TCG TIC CTG TCC GTC ACC ATT GAC Gtt AAC ^54 
Lou feu Vst Sor Pro Sef im Sot VsS Thr li« Asp Ala a?>a 
SO 55 60 

tTG GCC ACf> ^AC CCG XI £ CTC ATC CTC CTG GST TCT CCA AAG CT I 303 

Leu Ai^ Thr Mp ^ro Ar^ Ph* lie im Lou Giy $er Pro tys feu. 
6 c i 70 75 80 

CGT ACC ITC> GCC AGA GGC TIG TCT CC? GCG TAC CTG ACG TTT COT GGC >S Q 
Ary Ttf'r twj- Arg Gly teii fkn Pro Tyr Leu Arg Phfc Giy Giv 
65 90' 9S 

ACC AAS ACA CAC TTG CTA AT T TIC GAT CCC AAG AAG GAA TCA ACC TTT 
Thr i ys Thr Asp Ph^ t.n?u l ie P^e Asp Pre tyrs i ys Gtu Ser fhr Ph^ 
too tos 110 

CAA GAC# AuA AG? TAC T<>S CAA JCT CAA CTC AAC CAC GAT ATT TCC: AAA C4o 
Gto C1U <w tyr f.rp ciio citfv Asf> Otr* Asp J L^ Cys tys 

1^5 i^a 



SUBSTItUTE SHEET (RULE 26} 



v 

tat gga tee atc cet cct sat gt& gas gag aag t ?a cm rm &aa tgg 494 

Tvr Sty Ser l ie Pro Pro As-p Vat Gtu SiU iys Leu Arg leu Gtu Trp 
150 13S 140 

CfX TAC CAG GAS CAA TTC CTA G1C CGA GAA CAG TAC CAG AAA AAS TTC $42 
Pro Tyr Gin Glti Gtn leu leu Leu Af9 StU His Tyr Sin iys lys Phe 
145 *5G 155 160 

AAG MS ASt ACC TAG TCA AC* A AGG TCT GTA GAT GTS CTA TAC ACT Tit 590 
tys Asn See Thr lyr kr Ars Ser Sar Val Asp V-ai Leu lyr Thr Pfte 
US 170 $7$ 

CCA AAC fsCC; TCA G£A ttCi GAC TTG A! C T*T GGC CTA AAT GGG I V A TTA &36 
Ala Asr* Cy*» Ser Gty Leu Asp leu He Pfoe Gly leu Asn Ala lew leu 
ISO IBS 190 

AG A ACA GCA GAT TIG CAS T GO AAC ACT TCT AAT OCT GAG TTG CTC CTC 
At S Thr Ala Asp Leu GJrt trp A*, ft- Ser Ser Asn At a Gin tea ley Lev* 
1«S 200 205 

SAC TAG ISC TG? TCC AAC m$ TAT AAC ATT TCT TGG GAA CTA GGC AAT TM 
Asp Tyr Cys Scr Ser Lys GTy Tyr Asr> tie Ser Trp Glu Leu Sty A&n 

210 2 > 5 ' 

GAA CO AAC AST JTC GTT AAS AAS CCT GAT ATT T'T;C ATC AAT GCG TCG 782 
Giu Pro As* Ser Ph*? i&j tys Lys At a Asp tie *<fce He Am Giy S&r 
225 250 235 2m- 

CAG TTA CGA GAA GAT TAT ATT CAA TTG GAT AAA CTT CTA AGA AAG T-CC 630 
Gin leu Giy SlU Asp Tyr lie Gin ieu H is Ly* Leu Leu Ar§ tys Ser 
2A5 250 2SS 

ACC TIC AAA M! GLA AAA GTC TAT Gf*T CCT GAT -CTT GGT CAG CCT GGA 876 
Thr Phe tys Ash Ala IV* leu Tyr Gly Pre As|> Gty Gin f»r* Arg 
260 -265 270 

MA- M% AtG GGT MG ATG CIS MS AGC TTG CTG AAG GCT GGT GGA GAA 926 
Arg lys. thr AT a iys Met leu tys Ser Phe ieu tys AT & G ly Sly Slw 

rry 2so 2ds 

CTG ATI CAT TCA GTT ACA TC>G CAT CAG TAC TAT TTG AAT S&A tm ACT 974 
Vat Me Asp Sef Vs.t. Tfer Trp His »is lyr Tyr Leu Am Sty Ar^ ihr 
29S 309 

GCT ACC AGS GAA GAT TTT CTA AAC ttt GAT GTA Tt:G GAC ATT TTT ATT W19 
AT a Thr Arg tUo Asp Phe Leu Asr* Pre Asp Val leu Asp l ie Fhe tie 
305 310 ITS 320 

TCA TCT GTS GAA AAA GTT TTG CAG £TG STT GAG A6G AGC AGC* CCT W67 
Ser Ser Ydl Gift Lys Va! Phe gtn'Vai Vat &iu See Thr Are Pro uiy 
32% m® 335 

AAG A AG GTC TGG TTA G<*A GAA ACA ASC TCT OCA TAT GGA mc GGA GCG 1*15 
ty$- iy& y^i Trp Leu Giy ^lu Thr Ser Ser Ata Tyr aty Gly Gly Al*- 
3*V0 3AS 350 

CCC tm CTA TCC GAC ACC ITT OCA SCT TTT ATG TGG CTG GAT AAA 1163 

Pr& i.ew. t:«u Ser A$p Thr ^he At* Al« Giy Phe Hei Trp l*u Asp tys 
355 3^0 3655 

TTG S>GG Cm TCA CCC CCA ATG GGA ATA GAA GTS GTG ATG AGC CAA CTA 1211 
leii Giy leu Ser At* Arg HeV Gly lie Glu Vat Val Net Arg Gin Vsi 

3?« 3?s sm 

TTt TTT GGA GCA CCA AAG TAG CAT IT A GTG CAT CAA A AC TTC CA? CCT T2S* 
f%<> Phe Gty Ala' Giy Am Tyr Hi*- t#?u V-fJl Asr^- Glv: Ase ^he Asp **r<$- 
3 m 390 393 *QO 

TTA CCT GAT I AT ICG CTA TC? CM CfG TTC AAG AAA TTC C^r> CGC ACG 15^7 
Lee Pre A^p Tyr Trp Geu Ser L : «ru Pfte lys lys Lew V*il Gly T^r 

AAC GTii ft A A T G CCA AG>!*, GTC itAA CGI TGA AAt;. AG A ACG AAC GTT CG'A I3S^ 
ly» V.^a Le^ ^er Ai » Ser Cl>> CLy S:^r LyS Ari5 Ar i yS Af ?f 
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rcmmm?n* 



vi 

420 425 430 

CTA tAC CTT CAT T.6C ACA AAC ACT GAC AAT CCA AGS TAT AAA GAA &GA 
Vsi iyr teu Hi& Oys Thr .Mn Thr Asp A&n Pro Arg Tyr tys GUt 6ly 
435 440 445 

SAT TTA ACT CTG TAT SCC ATA MC CTC CAT AAE GtC ACS AAS TAG TTG 14>t 
Asp teu Tfcr l.tru Tyr At.a He Asri Lew fits Am Vat Thr Lys Tyr ieu 
4S0 455 460 

£GS IT A tCC TAT CCT TT t let AAC AA& CAA UtQ GAT AAA TAC CTT CTA 1499 
Af£ leu Fro Tyr f*r«? Pfce Ser Asn tys Sin Vat Asp tys Tyr teu leu 
46$ 470 47* 450 

AGA CCT TT£ G&A CCT CAT GC-A TTA CTT tCC AAA TCT GTC CM CTC AAT 1S47 
Ar<t Pro' Ls?u Oiy Pro M?& Giy tt'U Leu $er tys S-er V&i (Sin i^u A*,h 
4$5 490 495 

CCrT CIA ACT CTA AA0 ATC fcTG SAT CA1 CAA ACC TTG CCA CCt TTA AT C Vs$*f 
Cty lt?u Thr t.eu lys Ket Vai A&fj Arm Guv Tbr leu Pro Pro ittu H*n 

$AA AAA CCT CTC CGG CCA QGA AST TEA CTC GEE TTG CCA &CT, TTC TCA T&45 
fi'lii iys Pro Leu Acg Pro Civ Ssr Ser Veu Gty teu fcVo Ala Fhs? S*>r 
51.5- 520 525 

TAT AST TT'T TIT ATA At$A AAT GCC AAA CTt CCt GCT TG£ ATC T&A 169T 

Jyr Sir fch-e Phe Vat 1 1«- Arg Asm A-ta tys Viii AU AT. a Cys f if? 
530 535 540 543 

AAA JAA MT ATA CTA GlC CTC AC A CTG 171$. 

« V ) S£OU£ KCC CHA ft ACtgR I S T ! CS > 

CAT t£«GTHi 

(By TYPE i nucleic acid 

CO STRA^u£M£SS; double 

CD) TOPOlOGTs tines r 

tx i 5 seouEwc e ofescs t p t j on t $m t p ho- .t? 

CXG^CAACAA ^OTCTCSTTC 6SASASACGA GCTCACCTTA CCCTSCCCST CCACCCTTGC 60 
TGTCCAACAC CTTTCtCACDT GCCTTTATGT GGCTCGATAA ATTGSCCCTG TCAGCCCACA 1^ 
TuGCCATACiA AGiCGTGATG AGGCACCt^T TCTTCGGACC AGGCAACtAC CACTVAGTGG 1E0 
ATCAAAACTT TGsAGCCTTTA CCTOATTACT GGCTCTCTCf TCTGTTCAAG AAACTGGTAC> 340 
STCCCASGGT 6TTACTGTCA AG ACT G AAA & GCCCAGACA& G ASCAAACT C CGACTI>TATC 5O0 
TCCACTGCAC TAACGTCTAT CACCCACGAT ATCAGCAAGG AGATCTAACT CTGTATGTCC 360 
TGAACCTCCA TAATGICACC AAGCACTT&A AGSTACC^CC TCCGTTGTTC ACJGAAACCAG 4?0 
TGGATACGTA CCTTCTGAAS CCTTCGGGGC CG^ATGOATT ACTTTCCAAA TCTGTCCAAC 4g0 
T&AACGGTCA AATTCTGAAG ATGGTGGATG AGCAGACCCT GCCAGCT TTtt ACAfiAAAAAC $40 

crcTccccoe asgaa^tsca ctaagcctcc ctgccttttc ctatogtttt tttstcataa ^od 

GAAATGCCAA AATCGCTGCT TGTATATGAA AATAAMGGC AIACGGTACC CCTGAGAtAA 660 
AAGCC^AGSG 6GGTGTTATT CATAAAACAA AACCCTAGTT TAG^AGGCCA CCTCCTTGCC 720 
C^AGTTCCAGlA GCTTCGSGA& GCTGG0GTAC ACTTCAGTAT TACATTCAGT GTGGTOTTCT 7m 
CTCTAAGAAG AAtACTGCAS GTGGTGrACAG TTAATAGCAC TGTG 624 

C2> 3^FO^KAT10*i fm ££0 ID NOsHt 

CA> 1S99 

C&> T¥P6 t nMC-t* : 5*?- »0>d 

<t> > TOPOIOGY j 1 1 r«i^r 

TOAAASCGA GCAAGGAAGT AGCAGAGAGC CGCGC AGGCG GSGCGSGGTT G&ATTGGSA6 

CAGTGGSASG GATGCAGAAG AGGAGTiGG^A GGGATGGACG GCGCAGTGGC AGGGGTSAGi> 

AGSC^TAACG GS&CGGAGSA AAGGAGAAAA CGGCGCTGGG GCTCGGC<SGG AGGAAGTGCT ISO 

AGACCTCTCG ACTCTCCGCT GC^CGGCAGC TGSCG6GGGG A&CAGCCAGG TGAGCCCAAG 240 

ATGO6CT0C GCTCGMSCC TGCGCTCCtG CCCCCGCTGA TGCTGCTGCT CCT GGGOCCfi 330 

CTGGGTCCCC TCTCCCCTGC CGCCCTGCCC CGACtTGCCC AAG€ACAGC*A CGTCGTCGAC 360 

C TG6AC I T CT JCACCCAGGA GCCGCTGCAC CTGGTGAGCC CCTCGTTCCT GTCCGTCACC 4?0 

ATT€ACGCCA ACCTGCCCAC GGACCCCCGG TTCCTCATCG TtCTGGGTTt TCCAAAGCU &m 

mXMClXm CCAGAGGCTT GTCTCCTGCS TACCTGAGCT T ? GGTC<GC AC CAAGACAGAC 540 

T TCC TAATTT T CCA T CCCAA GAAGGAAT C A ACCT T TGAAG AGAGAAG1 J A fe ? GGCAATC T 600 

•CAAG.r.tAACC. ACGATATTT& CM^TAt&iSA TCCATCCCTC CTGATGTCCA GGAGAAST^A ^0 

CCGTi CCAAr CvGC CCT AGCA GCAGC AAT T G C T fi.. C T C CC A AACAC T ACCA CAAAAAC'r E C 



SUBSTITUTE SHEET (RULE 26) 
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AAGAACASCA CCT&tiCteG AAGCTCTGTA CATGTGCTAT ACACTT TTGC AAACtGCleA 7£0 

GSACTGSACT TGAICTTTGG eCTAAATGCG TTATTAAGAA EAGGAC^iTT GCAGTCSGAAC 840 

AGTTCTAATG CTCAGTTGCT CCmGACTAC TGCTCT1CCA AGSGGTAtAA CATTTCTtCG 900 

GAAClAGGtA ATGAAGCTAA CASTTTCCtl MAGGOTS ATAtttTCAT CAATGuGICG 96D 

CASTTAGGAG AAGATTATAT fCMTTGCfiT AMCTTCTAA GAAAGTCCAG CTTCAAAAAT 1020 

GGAAAACTCT ATGGTtCTGA X&TTGGTC&S eCTCGAAGAA AGACGGCTAA GATRCTGAAG tO80 

A6STTGCTGA AGGsnsmSG AGaAGTGATT GATICAGTTA CATGGCA/fCA CI ACT ATT TG 1140 

AAT GGACSGA OGC T ACCAG GGAAGATTTT CTAAACCCTG AIGTAUGGA CATTTTTATX 1200 

KATemTGC AAAAAGTTTT CCAGGT &&TT GAGAGCACCA GCCGT GG&&A GAAGGTOGG 1260 

TTASSAGAAA CAAGCTf JGC AIATGGAGGC GGAfiCGCCCT TGGIATCCGA CACGTTf GCA t$ZQ 

GCmGCTTTA T&TGGCTG&A TAAATTGG&C CtGTCAGGtC GAATGGGAAT ASAAGTGOG V$m 

frimmcAM TAtrmirm acvGAggaaac taccaxttas tg&vtgaam cttcgatcct h4o 

TFACCTGATT AHGSCTATt TCTTCTGTTC AAGAAATTGS IGSGCACCM GGTGTTAATS 1500 

GCAAGGGieC AAGGTTGAAA G A G AAGG AAG CTTCGAGtAT ACCTTCATTG GACAAACAGT 15£0 

GACAATCtAA QGTATA&AGA AGgAGATTTA ACTCT6TATG CCAT AAACGT G€AT AACGTC X&ZQ 

ACCMGtACr meGGTTAtC CTAieCTtTT tCTAACAAGG AAGTGGATAA ATACGTTGTA 1680 

ASACCHTGG SACCrCATCG ATTACTTTCC AAATCTGTCC AACTCMTGG t GTAACTCIA i&O 

AAGATG6TGG ATGATCAAAC CTTGCCACC? TTAATGGAAA AACCTCTCCS GECAGSAAS? TBOG 

T£ACtG£SC? TGCC^AGCTTT CTCATATAGI TTITTTGTGA TAAGAAATSC CAAAGTTGtT 

GCTTGCATCT GAAAAIAAAA IA1AOAGTC CISA.CAC7& 159? 

<a? IWdRWATfOH PON S£G ID «$.:14: 

C i) GcOUEWCB CHARACTER J ST i CS ; 

(A) LOST He 592 

it) TYFS; amino acid 

<t> S T £ ANIONS §3 ; singi 

0>> tGPOtOOyj linear: 

Mi> S£^Uf:KCG 06 SCR IPTI CM: SB5 ID ^0;14 

Hfct Giu fciy Ai« Val Sty Gly Vai Ar<* Ar$ &rg .Asn Gly Ala GUI 
5 10 tS 

Giu Arg Ar# tys Gly Ar<* Trp -Sly Ser Ala &i> Gly Ser AU Arg 

20 25 30 

Ala Leu Asr> S*r Pro Leu Arg Sly Set Trp Arg 'Siv '61 u Gin Pru 

35 AO 45 

Gly 6lu Pro iy% Hm ieu IcU Arg Ser iys Pro AU' t*?U pro- 

• 59 55 60 

Pro leu Her Leu Leu leu leu Giy Pre isHJ Giy Fro Lcsj S^r Fro 

6S 70 ?l> 

Sly AU teti Pr?? Arg Pro Ala Gin Ala £trt Asp Vat Va i Asp Leu 

m as 90 

fhc Phe Thr Cih Giu Pirc»- leu H\& tc« V»l -Scr Fro Sttr Pfie 

9S 100 105 

Ley §er Vat Thr T'ii» Am Ala Asn Leu Ala ?hf Asp Pro Arg Phe 
118 115 ISO 

Lieu H<? tms l&u Gty Ser Pro Lys leu Ar<? Thr leu Ala Am GLy 

130 " m 

lm Ser Pro Ala Tyr leu Arg Ph^ Giy Gly Thr lys Thr Asp Phe 
140 t4S 150 

leu lie Pfte Asp Pro Lyg: tys Glu S**r Thr f>h^ Glu GLu Ar$ 

16G 165 

Tyr irp.sjn Ser Girt V^i Asr> Gin Asp lie €ys iyt Tyr g(y Ser 
170 175 ISO 

lie Pro Pro Asp Vat Glu Glu lys teu Arg Uu Giu Tro- Pro Tyr 
185 im m 

GUv G;Im 61o leu teo Leu Arg Gtu wis Tyr Gin tys tys Phe iy$ 

ZOQ Zm S10 

Thr Tyr $er A r$S Ser Ser Vat A$p Val Leu Tyr Thr Phe 

215 220 225 

Ala Aso Cys Ser Sty leu Asp Leu lie Fiat Gly leu Ala Leu 

lea Thr Ala Asp L«?u Sin Trp Aso Ser Ser Asn Ai« Gtn ieu 
245 

Lex* Leu As?> Tyr Cys Ser Ser ty»- Gty Tyr Asn Jt^ s^r Trp Glu 

Leu 61 y Arsn fiiu Pr^J Asm Ser Phe leu Lys iys Ala Asp lie Phe 

27$ 2S0 ,285 

lie Asn-j&ty- Gtn Leu Giy Giu &$p Tyr Gir< l*>u His iys 

290 29$ -H?0 

leu leu Ar^ Ser Thr Phe I ys Asr> Ala iys Leu Tyr GLy pro 

305 310 315 

Asp Vsl Gly Gin Pro Ar<j Ar<j iys thr Ma lys Weft leu Iys -Ser 

3?0 3?5 550 

ehe j;eo iy> A^ <3Ly tiy <HHi \rM lie Aizp Va? Thr f rp .it i &. 

:? ; 55 5*0 345 
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VIII 

His Tyc Tyr Leu Asn Giy Af9 iftr Ala *hr Ar^ GJu Asp f%£ tea 

350 555 360 

Ait* Pro Asp Vat Ley Asp Ho fho He Ser Ser Vat Sin lys Val 

365 370 375> 

Pfte Gin Vat Vat Gt o Se r Thr Ary Pro Gty Lys tys. Vat Trp leu 

38$ 365 3£0 

Gty Giu THr $er $£*f Ata Tyr Sly Sty Gty &l® Pro leu teU $er 

195 400 40$ 

Asp Tfcr Pfte Ala At a Gly Phe Hot Trp Lev Asp Lys Leu Sty Leu 

410 415 420 

Ser AU AeS He* Cty I U. tUu Val Vat Met Aro ■ -&lri Vat Ph* Pha 

4?s 43o m- 

Gty Ala Sty Astt Tyr His teU Val Asp Gtu Airi Asp Fr© L£u 

4% 445 450 

Pro Asp Tyr Irp Leu $cr tea Leu f*h« lys Iy$ Lsu Vat Gty tfcr 

455 460 465 

Lvs Val: Leu Bet A* a Ser Val Gin Gly Ser Lys Ar$ Ar$ Lys Leu 

470 *7£ 480 

Ar$ Vat tyr Lew His .Cy&. Tar Asn- Thr Asp As£> Pro A r*? Tyr ty<i 

4£5 490 495 

Glu Giy -ftio Lew Thr fc*u Tyr Ab He Asn. Leu ¥?is Asn .'Vst thr 

500 505 510 

:ty* Tyr t>j A;^ itftu Pro Tyr Pro Pf*e $er Asn Lys Gin Vai Asp 

$15 S20 525 

lys tyr t fry leu Ar$ Pro-tw *Uv Pro Mrs Sly leu leu $t?r ty$ 

530 535 540 

Ser Va* l«*u As« Sty Leu Thr Leu iys fret Val Asp Asp £Tn 

545 550 $53 

Thr ieu Pro Pro Leu He I; .StU Lys Pro leu Ar$ Pro fc-ty Ser Set 

560 565 570 

Leu Gty Leu fro A I ?* Phi? Ser Tyr §#r Pbe Phe Val Ik? Arg Asrv 

$75 500 SSS 

At s iys Vat Ala Ala Cy$ He 

SvO 592 

m tmommxm rm sea id MhiS: 

( j } SfcQUfcHCS CHAJtACTf K ! ST i : 

<A> iE^TUj 16W 
<£) VYPEt mjeieie acui 

CO STHA^D£0«ESS: d^ibi«- 

CD) WOldfe?* linear 

nm 3 

AAA &CCx AGO AAG SAA GTA SuA GAS MC CGG GCA GGC GGS £C& GCG 4S 
TTG GAT TGG GAG CAG TGG GAG GGA T&C ASA AG A GO A GIG 60A GSG 93 
ATS GAG OGC GCA QTG GSA ^GG STG A&G AGG CO? AA€ GGG SCG GAG 1SS 
Het Ctu Gty Ala Vai Gty C4y Val Arg Arg Ar9 Asn Sly AU> Glu 
5 T0 IS 

GAA AGO AGA AAA ($GG CSC TGS GGC TCG tSCG &GA GGA AGT OCT ASA 163 
Siu Arq Arg Lys Gty Arg Trp 0!y S^r Ala Sly Gty $er Ata Arg 
20 ^5 30 

G£T GTt GAC TCt tCG CTG CGC ASC TGG CGG GSG GAG CAG CCA 
Ala Leu Asp $fi?r Pro Leu Arg Giy Ser Trp Ar^ .Oiy GTu St« f r<J 
35 40 45 

GGT GAS CCt AAS ATS CTG £TG C^C T(SG AAG CCl GC6 CTG CCG CCG 273 
G ty Glu Pre- ivs H'et Leu Leu Ar^ Ser tys Pro AT a Leu Ptp Pro 
50 55 6G 

CM CT£ ATl>- CTG GTG C t C CTG ^GG CCG CTG GGT CCC. ttc TCC CCT- $1$ 
Pro Leu Het ieu Lou Leu Leu Gly f ; r» t?ti Gt y f ro tau s«r Pro 
65 70 7^ 

GSC mt CTG CCC C^A CCT i*CG C AA GCA CAG GAG &Te GIG GAC GTS 163 
Giy- Ala Leu Pro Aro Prfj Ai 3 Gift ftU fi.tn Asp Vat Val Asp leu 

go ei> 90 

GAG tic TIC" AtC CAG GAG CCf> CTG GAG C1G: GTG AGG CCC TGG i TC 
A^5p f>he mc thr <^rs Giu Fro t«w Mis t^u Vat Srr Pro Sef Phe 

05 %m to5 

GLG ICG Gtt ACT: ATT GAC GG<: AAG r. jG, f*£X ACS GAC GCG GGG ?<€ 453 

SUSSTiTUTE SHEET (RULE 26^ 



ix ^ 

i.*U S*r Vat Thr He Asp Aia Asn l#u Ata *V Asp Pro Ar# Phe 

no m na 

CTC ATC CTC CIS OCT TCT CCA AAG CU CGI AC€ T T G SCO ACA GCC 495 
i<?u Tie t<fU Uu 6iy Ser Fro iyS Lea Arg Thr leu Ala Arg Ciy 

125 m m 

TTCt TCT CCT &CC TAC CTp AG'S ITT GOT GGE ACC AAG AC& GAG TIC 543 
teu St>r Pro AVs Tyr leu Ar.g- Nve : Gty ftty Thr ty% Thr Asp Phe 
U0 H5 ISO 

OA ATT ttC CAT CCC AAG AAG CAA TCA ACC T.tt &AA SAC ACA ACT 588 
i<ju He £fcc* Asp Pro Lys. lys ciu $t?c thr £fe Clu Kiu Arg Se.r 
155 t60 165 

TAC TGG CAA TCT EM CTC AAC CAS GAT AT T T£C AAA TAT CCA TCC 633 
Tyr ifp Gin $&r Gift v<* t Am Cio Asp Its Cys- lys fyr Cly Set 
170 ??5 16® 

AlC; C£T CCT GAT GTS CAS GAS AAS TTA U3G im EAA T &C CEC TAC 676 
ite pro £f o Asp Vat Clu (Slu Lys Leu Ar$ leu fitu Trp Pro Tyr 
IBS t90 195 

tAQ CA& CAA ITS CTA CTC CCA CAA CAC I AC- LAC AAA MS TTC AAfr 723 
Sin Giu Gin teu Leu l.m Ar$ Clu *in Tyr Gin lys tys PMe Lys 

^00 iio 

A AC AGC ACC TAC TCA ASA ACC TCT CTA CAT &TG CTA 7 AC ACT TIT 76S 
A$srt sir thr Tyr C*r A ret Ser Seir Vsi Asp Vat Tyr Ifcr f>he 
235 235 

CCA MC TGC TtA SGA CTC CAC TT£ ATC TV T BSC CTA AAT CCS TTA -SIS' 
Aid Asn Cys sur Giy leu A&p LtfU He £l*e Sly tw Asn At a teu 

23s m m 

TTA ACA ACA CCA CAT TTC CAS ICG AAC AST TCT AAT GO GAG TTG S5S 
teu Arc? Thr ALa Asp leu t*Ui Tri> Asr» Ser Aisff* AU Cin leu 
?45 250 255 

CTC CTC ftAC TAC TGC TCT TCG AAC GCS TAT AAC ATT TCT TOG CAA 903 
leu teu Asp Tyr Cys Ser Ser lys Gly Tyr Asin Jife Ser Trp Clu 

265 TfQ 

CTA GSC AAT GAA CCT AAC ACT ITC €TT AAf> MG CCT GAT ATT TTC 948 
Leu 61y Asn Glu Pro Asn Ser f*h« Leu Lys ty$ Ata A^p Lie Phe 
275 280 

ATC AAT GGC TCG CAS TTA GGA CAA CAT TAT ATT CAA TTC CAT AAA 993 
Tie km Cty Ser Sin ieu Giy Ctu Asp Tyr !U Girt tm His Lys 

29$ 500 

CTT CTA ASA AAC TCC ACC TTC AAA AAT SCA AAA CTC TAT SGT CCT 
Leu Leu Ar«f lys Ser Thr Phe tys Ash -A tit-. Lys teu Tyr Cly Pro 
305 510 5t5 

OAT CTT CGT CAC CCT Cf>A AOA AAC ACC CCT AAG ATC CTC AAC ACC 1065 
Asp Va\ Gty cln f^ro Arg Ar-g t ys Thr Aia Lys Wei ieu tys Ser 
520 5Z S > 

TTC CTC : &A<s CCT &QT CCA 6AA. CtC ATT CAT TCA 'fitT ACA TGC CAT 1128- 
j>he Leu Lys Aia Cly Ciy GLu V&i He Asp Sssr Vat Thr r?p THs 

340 345 

CAC TAC TA1 TTC AAT CCA C£C ACT CCT ACC AGS $AA SAT TIT CTA 1173 
«t>^ iyr Tyr leu Asn Cty Arg thr AU Thr Arg Ci.u Asp Fhe leu 
550 355 360 

AA-C CC! GAT CTA TIG CAC ATT UT. AT 7 TCA TCt CTC CAA AAA CTT l?W 
Asa Pro Aso v^i t.f*u Asp IT* Phx l\ -Ser Sfer v^i Gin Lys Vsl 
■$;m 37G 375 

TIC CAC G'TC CTT CAC ACC ACC ACG CCT GGC AAC AAC CTC TGC f TA 1263 
f ^r Girt. V^i Giu Ser t&r Aro Pro Gf y Lys Lys Visi i rp Uw 

36D 
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x 

<*m GM. ACA AGO TGT GCA TAT CSA C&C GSA GCG C€C TIG CTA TCC 
GTy. tdu Thr Ser Ala Tyr &*¥ ^iy Gly Al« Pre? Leu leu Ser 
395 400 405 



130S 



GAC ACC ITT GCA SCT GGC TTT ATS ISO CTG GAT AAA TTG GGC CTC* 
Aqp The ?>he Ala Ala Giy H&i. ftp L*U Asp Cys 1 f?u Giy Leu 
410 415 420 



TCA 6CC CGA AT £ GGA ATA gAA &T.G GTQ ATS AGO CAA. CTA TTC TT1 
Ser Ala Arsj Met Gty t te -filu Vat Vat Met Ar© Gin Vat; f*fti? Ph*? 

425 430 435 



139S 



GSA GOV G&A AAG TAC CAT TTA GTG GAT &AA AAC TIC GAT GCI t"TA 1443 
(Uy Ala Sty A so Tyr His r,*?u Vai A&p Giu Asr> Phe Asp Pro Leu 
440 MS 450 

CCt GAT TAT TOG CTA TCT OTT CTC TTC AAG AAA- TIG &JG. &GC ACC 14S& 
f*r# Asp Tyr Irp teu Sfcr L^u Leu Fhs ivs tys i£U Vat £iy Thr 
455 469 465 

AAG £TG TTA ATG GCA AGO GTS OAA GOT TCA AM AGA AGS AA& CTT 1535 
tVs V&i teu Het Ala Ser Vai Gin Gty Ser Lys Ar$ Ar$ Cys Leu 
470 47S 400 

Cm GTA TAC CTT CAT tttt ACA AAC ACT GAG AAT CCA :AGf> TAT AAA 1576 
Ar<? Vftt Tyr His Cys- Thr Asn Thr Asp Asn Pro Ar§ Tyr tys 
485 490 4$$ 



SAA SGA GAT TTA ACT CTG TAT GCC ATA AAC CTC CAT AAG 6 Ft ACC 
STu Sly Asp Leu Thr leu Tyr Ala tie Asn leu His Asr* Vat Xhr 
50O 505 510 



1623 



AAC TAC TTC C&G TTA CCC TAT CCT TIT TCT AAC AAS. CAA CTG OAT T668 
iys Tyr L£U Ars Leu Pro Tyr Pro Pfce Sfcr Am tys Girt Vai Asp 
$15 520 525 

AAA TAG CTT CIA ASA CCT TTG GGA CCT CAT £GA TTA CT1 TCC AAA 1713 
tys Tyr Leu Uii Are, Pro leu Sty Pro fii% Giy tm Lm tys. 

5'30 >m 540 



TCT GTC CAA CTC AAT GOT CTA ACT CTA Am ATG GAT CAA 

Ssr vai. Cin Asrt. Giy t-eu Thr t&u tys Kef. Vat Asp Asp Gtn 
545 5S0 555 



■Am TtS: CCA CCT TTA ATG GAA AAA CCT CTC CGG CCA GSA AGT TCA 
thr leu f>ro Pro leu Met Giu Lys Pro Leu Arg Pro Oly Ser - Ser 
560 56S 570 



CTG GCC TTG CCA OCT TTC TCA TAT AST TTt TTT GTG ATA AGA AAT 
ieu Gly Leu Fro AU Phe Ser Tyr Ser Phx Vat Tie Arg Am 
575 5S0 5S5 



1S4o 



GCC AAA GIT OCT OCT TGC AT€ TGA AAA TAA AAT ATA CTA GTC CTG 189S 
Ala l ys ViJl Ala AT a Cys lie 

ACA CTG tB99 



$?) T^fORHATTO^ fOR ID KQxl6i 

{ i > S^Oy^^CE CHARACTER J GT J . 

<A) TEHGTHx 
<0> TVP£t 
<C> ^TRANO£1>^^SS : 



594 

riuciei^e. «c j d 
doubt e 
i inear 

S£0 10 «Q:16 



AT?ACIATAG 
TAAAGAATTT 
TTTTTTCAGG 
GGirOGCiCA 
TCC AT TG^AG 
GGACTCGGAA 
TCCG^CATGC 
CCGGCCGCtT 
GTSAACGTGA 



CGCACGCCTa 
TGOGT5GTTC 
C/vV\AGT^\AA 
AGT&ACAAGC 
CCt T TAC ICS 
AtGGtCGGTT 
CCAGCGCTGC 
^CATCGCCGC 
CCSCCACCtC 
TGGA? TG&GA: 



GT CGACGGCC 
ATCTCTTTCC 
ATACCTCAGA 
AAGTGTTTAT 
AGGGTCAGAG 
CCCACGACAG 
UXCCGGGCG 
CATCTCCGCA 
^CGiiAAAGCG 
SCAGTGGGA^ 



CCGGCTOGT A 
AGCTGCAGTT 
AACTGCCTGG 
AAGCTAGATG 
G^ATAGCCGG 
CGCGCAGAAC 
CTCtfCCCCG 
CCCTTCAAGT 
ACCAAGCAAG 
GGATGCAGAA 



T TCT CTT AAT 
rAGCSTATGC 
CCACAS&ACA 
GSAGAQGAAC 
C^CCATCAGA 
ACG1GCGTGA 
GGCGCTCCTC 
GuGTGT GGC T 
TAGGAGAGAu 
GA&CAGTGGG 



GAGAAGTTGA 
T GA&CCC AGA 
ATCAGATTTT 
GGATGAAIAC 
ATGGGATCTG 
CGAAGCCTGG 
CCCAGCCCTC 
GATTTCG1 AA 
CCGCGCAGfxC 
ASGG 



60 
T8iV 

560 
420 

S94 
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XT 

m mmmti&i tm sso to tost?* 

(A) lOfGTifJ 2% 

CB> TYPE; mjckK *sci<f 

CCCCAGGAGC A^CACCAICA & 21 

C2> FOR £E<3 ID KDttS; 

CA> l£J4GItf: 21 

TYPE : nucleic acid 

Cxi):- SEStfStfCE DfSCfH-FtTOKi SftS 18 !*0?18 
A6SCUCGAG. CSCASCASCA T 21 

{£) I ^FORMAT I : <m fOR S£Q ID NO: 19: 

<-.!:> SEQt&fcCE CHARACTER 1ST ICS c 

<A> fcEHGTH: 22 
<S) TYPfc t nucleic scid 

(C > STRAMBER HESS 5 s t rig I € 

<0> W0ib6¥o linear 

GTAA1ACCAC TCACtATAGfi GC 2? 

m isFOR^iioaesR se0 m &O;?0? 

< i > 5&0UEHC? aiAfcACT £RI ST J CS 5 

<B> TfPEr Ructeic acid 

<C} £TRA«0£&tf£$St single 

{0} TOPOtOSYt Hnear 

cxt> s&subsce description sm m 8G*20 

ACTAIAGOCC ACGCtil&S? 19 
C2) iWOgMAtJDSil FOR S£Q 10 ti&&1: 

( i > s&auena: character i st res .? 

C0) TTP£: nucleic acicS 

(C) St fcANDONESS i t«? 

it)) TOPOLOGY; Um»r 

tm mmmt msmpuwt sea i& 

CTTSGGCTCA CCTGGCTGCT € ?1 

<£> ItffORHATitSB FOff SEG JD N€te2&i 

(I) CHARACTER I SItCS j 

(A) LEtf&TH: 23 

CIS) TYPE? nucleic seid 

<C> SlftA^DEDMSS; single 

a* 3 TOPGtOG* * linear 

AOCTCWAS ATST£tCTA7A CAC 23 

$2) ii^FORmTjos fm $m w naizs: 

Hi S£0U£N€£ CHARACTER J S? 1 CS s- 

<A) UF.KG7K' 22 

<B) TYPE; nucleic &ci<i 

it% STRAK&EDffSSS ; s-ing'lfe 

(D> TOPOLOGY ;: i ^ear 

(X i > SCOU£«C£ DESCR r PI ION; SEP f0 3 
SCASCUAfcC CGTCTTTttT CQ 2^ 
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INTERNATIONAL SEARCH REPORT 



Itttemftiioftal' application' N*> 



A. CLASSIFICATION Of SUBJECT MATTER 

X}S CL : 536/23. 1 1 . 23 ,2; 43$/20Q> 325, 252,3 * 3mi ; 4Z4f$4M 
Accot 3mg to Interna* tonai Patent Cksstfofrto* (IPC) or to birth n ational. G &m&mtim. md IPC ^ 

& FIELDS AStOi KI> . . ., . .. 

Minimum dOc^nsfifcrt^r* s^jfcfe«4 .(classifbaibn system followed by c&sst lW.tic*» symbol) 

U S, ?. 536/23, 3 , 325, 252.3 , 320, J ; 424/94.6* 

Documentation searched tsih&t th»t> mtf&teum .<tpc«tt»GBMt40i> to the extent tla&i such documents k^wlcd «Tthc fle*d£ s<^rehe*i 



E&stmatc. to : base ^»suftc4 dtifiig th& imsm&tmml t^xzh (nmn& of ti&ta Ijf&jms and, wttere pjr^cticafete* search t«mis med) 
APS> MBDUNE, SC1SEARCH, BlQSfS, 1M8ASE> WPI, 01OTBCHDS, NTIS, CA* UFEBCi 



C DOCUMENTS CONSIDERED TO BE RELEVANT 


: Category*' 


C&tlKro- *>f doewnont, wkh indication* where appropriate > of the tetevmi p&$mgo$ 


Relevant to claim No. 


X 


US 5,362,641 A (FUKS et aL) 08 November 1994, see entire 


28, 29, 33-35, 






37,38 


Y 










,27,36,39-41 


X 


WO 95/0415$ Ai (UPJOHN CO.) 09 Fd>ruary 19£S, see entire 


1, 8, 11, 18, 19, 




document 


26-29, 33,34-38 


X 


Database OenBank on SUM, OS National library of Medicine 


9, 10 




1 (Beihescla MD), HILLIER etaL, 'The WasfrU-Merck EST Project, 






No. M32056, 10 January 1996. 




X ! Further documents &m . M ib« of Box. C .. | j See .patent family annex. 



*E" eAjLsr ^uRtcftt pubtis&sd a*> i>i -sites xh*.. 'i«tera*fc*s«*} f*foi$ 

*it*4 to **fci&i**h i>K putfiEk -*ao» state of- .jrtrthw' <» <4htt 

.>p>cc¥&! : J *a*a>n (*s : »p«oft*rf} 



dirt* ftftii *>i>f ^ x^^tk-i <*Mii> \ft« »j>j>Jki**»>R J>t*t i«> «»dtey*tj»^ 

iximb^c j <t fft«f* <^ti*T *U<^ *ij>t:^>*R^ *tK-^ ^«*t^*«w>**«» 



Bate of itm actMAt complaioa of tb«-.mtcTOaiio«si : search 
25 NOVEMBER mZ 



Name and mailing acMress the ISA/ US 
:C»j»mii^$.>6**cir t>f Patents- arid T$a<tenwfc-* 
Box TCT 

Facjtimiie Ho (703) 3^)5 3330 



Date of .m&ilmg of the ktetnaliojjai $eareh report 

1 1 JAN 1999 



Tekpbone No... (703'J i 96 



>me^<?fl\c$jp^ 

REBECCA PROUTY ^ 



fefr« FCT^SA^ ib (seeorifl sbeet)(iuJv 1902)* 



lISTTEimATIONAL SEARCH REPORT 



i fitcnrJ;it<f>wai application Ho . 



C (Cmmmtmi) DOCUMENTS CONSIDERED TO BE RELEVANT 

Category* i Citation <rf ^teumefii* witlr md*catk>tt> where ap^roprtiik^ of i^kvajit passsages Relevant to ck*m Net, 



X ! Database GenBank on STN> US National Library of Medicine 9 y 10 

i (Bethesda MD), No. 30845, HILUER et ai> Hie WashU-Mcrck 
I EST Project, 05 ianuaty 19M 

X : Database GenBank on STN» US National Library of Medicine 9 f 10 

(Betfeesda MB), HILUER el at. The WashU-Merck EST Project 
Wo, 05 January 1996. 

X Database GenBmk on STN> Haiional Library of Medicine ;j; 30 

(Betftesda MD) y ADAMS el at, 1 Initial assessment of huriiar* gefce ; 
diversity and expression patterns based upon S3 million nucleotides 
of d>HA sequence, No. AA3046S3* 18 April 1997, 



Farm FCT/ISA/HO (co«iin«at<ba of sc«ra«<i shest}<iiiiy 



